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(54) PROCESS CONTROL SYSTEM 

(57) A process management system in accordance 
with the present invention comprising inspection appa- 
ratuses for inspecting defects on a wafer, the inspection 
apparatuses being connected through a communication 
network, inspection information and image information 
obtained from these inspection apparatuses being col- 
lected to construct a data base and an image file, 
therein definition of defects is given by combinations of 
elements which characterize the defect based on the 
inspection information and the image information 
obtained from the inspection apparatuses. 



By giving definition of the defect, characteristics of 
the defect can be subdivided and known. Therefore, it is 
easy to study what cause a defect is produced by. 
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Description 

Background of the Invention 

s [0001] The present invention relates to man ufabturincr semiconductor devices or the- life and, more particularly, to a 
process management system for a semiconductor manufacturing line with the aim of developing products in a short 
time and improving the yield. ; j ; j • ' 

[0002] A process management system of a semiconductor manufacturing apparatus is^enerally constructed in a cli- 
ent-server system. To an analysis station as the client and to a data base and an image file as the server, a wafer sur- 

io face extraneous substance inspection apparatus and a pattern defect inspection apparatus for detecting defects 
produced on the semiconductor manufacturing line such as extraneous substance particles attaching on a wafer sur- 
face and pattern defects, an optical review apparatus for checking the detected defects, an SEM review apparatus and 
an FIB (focus ion beam) apparatus, and a probe inspection apparatus and a testing apparatus for testing operation 
(function, performance) of an LSI are connected through a communication circuit. 

75 [0003] Inspection information obtained by the inspection apparatus and the testing apparatus is online collected into 
the data base, and image information on the process defects and LSI operating defect points obtained by the review 
apparatuses and the FIB apparatus is on-line collected into the image file. 

[0004] The information on-line collected in such a manner is used for pointing out important defects, for diagnosing 
the defects and for taking a counter measure against the defects. 

20 [0005] In a system disclosed in Japanese Patent Application Laid-Open No. 3-44054,*each of the probe inspection 
apparatus, the extraneous substance inspection apparatus, the visual inspection apparatus and the like has a data 
analysis station as a means for efficiently taking such a countermeasure. The analysis station is provided with arrange- 
ment information of chips on a semiconductor wafer defined on the kind-by-kind basis so as to have a function to judge 
which chip a defect or the like belongs to. Thereby, a situation of occurrence of defects and the like can be known'pn 

25 the chip-by-chip basis. Further, by connecting between the above-mentioned inspection apparatuses through a com- 
munication line, the situation of occurrence of defects and the inspection results of the defects can be understood. ^ 
[0006] Furthermore, the display mode of the output results is unified so that the output results are easy to be under- 
stood when the data is analyzed. 

[0007] Further, Japanese Patent Application Laid-Open No. 48-391 72 discloses a construction in which defects are 
30 classified on the type-by-type basis, and a predicted yield on the process-by-process basis is calculated from a proba- 
bility of producing a defective semiconductor caused by each of the defect types and number of the defects. 
[0008] The above-mentioned conventional technologies are insufficient to analyze the defects, and also insufficient 
to point out the defects and diagnose occurrence of the defects since number of items clarified as the result of the anal- 
ysis is not so many. 

35 [0009] In addition to this, there is a problem in that reliability of the predicted value of yield is low since the prediction 
of the yield is very rough. 

Summary of the Invention 

40 [001 0] An object of the present invention is to provide a process management system which is capable of effectively 
pointing out the defects and diagnosing occurrence of the defects and capable of predicting a highly reliable value of 
the yield. 

1 . The process management system in accordance with the present application has display modes as described below 
45 in order to perform data analysis. 

[0011] 

(1) Distinguishing display based on data on wafers or chips: 
so According to the present invention, the distinguishing display for data analysis is performed based on various 

kinds of data on wafers or chips. Although the details are to be described in the section of Description of the Pre- 
ferred Embodiments, the process management system of the present invention comprises the following display 
modes in order to more effectively point out the defects and diagnose occurrence of the defects. 

55 • Enlarged display based on defect inspection data 

Display distinguishing between defects which have been reviewed and the other defects based on defect 
inspection data - 

Display distinguishing between scribe lines and the other regions or between defects on the scribe lines and 
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defects on the other regions based on data on the kind-by-kind basis of wafer 

Display distinguishing among regions having different characteristics obtained based on arrangement data gf 
chips on a wafer 

Display distinguishing among regions having different distribution states of defects which are obtained from a 
defect inspection apparatus or the iike *' t / 

Display distinguishing regions where a defect of the same kind is expected to repetitively occur on the region- 
by-regiori basis - ; - 2 ! " < ■ . x- ^ * ■ >. ■ ■., . 

' Display of a defect' density maprand a defect probability rnap ; .. . . . . : 

• ' 'Display recommending review positions for review work by- combination of ?the various kinds of displays* 

described above : . , -. 

(2) Display on the inspection apparatus-by-apparatus basis and on a manufacturing process-by-process basis- 

Display dividing between processes • : - T .nc; 

• Display tracing processes 
Display of defects changing with process ■ - v. ■ 

Further, the following is provided in order to make the above displays clear. 

(3) Function for setting definition of defect size. ; , 

2. Prediction of the yield of wafers or chips on the wafer: 

[0012] The process management system of the present invention has the following elements in order tpmake highly, 
reliable yield prediction possible. 

[001 3] According to the present invention, the process managementjsystem is-CQnnected to inspection, apparatuses ? 
for inspecting at least defects on a wafer through a network to form a data base and an image file by collecting inspec- 
tion information and image" information obtained in these: JnspectiQn? apparatuses, L ^4^e management system conv 
prises a means for classifying the defects onithebasis of combijiat^ of a wafer^ 

and a yield of the wafer or a yield of the chips on the wafer to the:combination-of elements is obtained ipaseji, pn, ^.pre- 
determined correlation table of yields of wafers or chips orutbe wafers to-cpmbinafo _ . , . ( 
[0014] By the construction described above, the yield can be more strictly predicted based, on the chararieristips of 
defects since the defects can be classified in detail on the basis -pf the chararteristicp(.de*eQte. ,. ;v ( , J 
[0015] Ther'eFnrit is preferable fthatthe combinations of .detective elements ^(d^ctj^raif icatfpn)! usjed in the .correla- 
tion table are precisely set in a strong Correlation with various ^ prpcess rnan- 
agement system of the present invention comprises a means for obtaining the strong correlation. 

3. Data^manaa^rherW " " ' ^ ■ r.-.-- i?>r r;.: ' y .-.i;^- r ■> ■. ■■ s * • •;. 

[001 6] In the present invention, the inspection data obtained from the various inspection apparatuses is managed by 
the following management means. The details^are to.be described in , the section of Description of the Preferred Embod- 
iments. "*•••.-.• ' - "■:"- :i : < ' :-■ r : . . ■ • :« ; . - . - . - • * • . ■ -• • •• ••. ; 

' *(1 J Encipftefnlenrbf^inspectibn information ' - : .y-.-y _\ ; y ; .v..„ - ~ • , v;^..> 

(2) Setting of management reference values , " 

: (3) Automatic reporting function w * :v * v-.*: . ... -v ^ -oi, - - s\ - ■:• v..-. s - : ; - 

,>: ' v (4) -Commbh-dowhload function* -s ♦ ■■v: • : ;•;/ - * p; .r^r-.-u ■-. /. •; - .a =. y: - - y., >: y> 

Description of the Preferred Embodiments .r; ' r^, ^ . : T . ,c. t> ;.-; 

[0017] FIG. 1 shows an example of a system construction. A client-server system is used in4he system. . , . ^ [ 
[0018] "Analysis Stations 3a;3b and various, kinds of inspection-apparatuses and testing apparatus as the clients .a re 
connected tb databases ,ta r -1b and^o image file 2 as the servers by a^ommunicatiqn network . . } . . 

[001 9] Each 6f theservers and each of the clients have functions described^ 

image server perform management (updating andr,retrievjng)-of • inspe^on : mformatipri; slbreg^n Jtha^data bas^ and 
image ihfbrrriatiOn stored in the image-fileiThe^natysfe^tionjp^rrps^r^ put necessary stored.data frpffi the 
"data b¥s&-arKi-the1iTa5B'^ilerandlbOTing and displaying the : analyzed data. The inspection and the testing appara- 
tuses acquire ihspection^information and image intormaftoni „and input them into the data bases and the image file: 
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[0020] The inspection information and the image information are constructed, for example, as follows. ; ... . ... 

[0021] The inspection information is composed of various kinds .of data on the kind-by-kind- basis which, are different 
from btfe Another depending on the kind and various kinds of data ori the wafer-by-wafenbasis. which are different from 
one another depending on the wafer. ? ■ - • r ; ^ . 

5 [0022] The data on the kind-by-kind includes the following information. 

Wafer size 

Chip arrangement data; chip pitch, chip matrix \ 
Chip pitch; chip size > . ' 

10 • Chip matrix; chip coordinates, chip name < ■ .« / \ 

Exposure field arrangement data; field pitch, field matrix, pitch matrix inside field 
Field pitch; field size 

Field matrix; field coordinates ■ - : . * 

Chip matrix inside field; chip coordinates, chip name • , . ^ 

is • Inspection block arrangement data; block pitch, block matrix, chip matrix inside block 7 

Block pitch; block size ^ ' ■■ \ -* r - .. - ... 

Block matrix; block coordinates 

• ■•Chip^lHatn'xiniside'blc^; chip coordin&tes. chip name*/: ^ : , • , ^ - „ rr ; 

20 [0023]- ; iWdata^ ' : ' . " Vp-. ■> 'r-^Y K - ;- : ; ;0 ; \ 

•" :nr, wSferclataT (bfnumber; wafer h'uml^||M^&eS^»dmev-'procasding iapparatus?name of theprocess and so on,; , 

• ''Yn^^ctfon"'^dftoh*' : dkfc\ : ShspecBdrF kf^fetus 1 Hftrhe, Inspection recipe name, management reference, value, 
"alighrqeh^p^ .v. . - ._. •-■ s- : r . L,.-; . 

25 • Defe^ inspection Site; defieet number/ ctefecft size, defe*ct position coordinates, defect classification code, review 
' ' r MnfdrrVtitiort a^ sbbrt"-' r - - ■^•^^ivn'^ -.y:- ^ *\ a\. . ■• ■ ? ; ^.v- > ^r^-,.; 

LSI operating test dataV-'Chip^afe/lclaM' 6f' < d^ect 5 Mrljt : Jreide-'chip-and'-sO'Oh: ■ - - , - -r; , . 

;1 Wafer^y^-wSer bkil^rcWp cobrdlhat^rronform^ on , • 

• ' r &hij^by-chipto - 

[0024] The position coordinate data included in the operating test data is physical position coordinate data used in 
inspection which is converted from logical position coordinate data used in operating test. Conversion>to the physical 
position coordinate data is performed using a position coordinate conversion interface. The interface is to be described 
later in detail. 1 ;/ 1 •'- r " : " 4 — ^ . 

35 [0025] The data base storing inspection information and the image file storing image information are constructed in 
a decentralized type, and are composed of the inspection data base 1 a. the operating test data base 1 b and the image 
file 2. 

[0026] The operating test data server has the logical/physical position, coordinate conversion function described 
above. : - • - ^ _ .. - r . ■ 

40 [0027] There are an analysis station 3a connected by a local area network and an analysis, station 3b located in a 
remote site through a public communication line. Communication between the server and. "the /emote site analysis sta- 
tion 3b connected by the public communication line" is performed using enciphered data through an encipherer and a 
decipherer 4 placed between them. rltn:.- •:• > v.. ~ ^ ; ^. . \ 

[0028] The data transmission by encipherment is performed when data is transmitted to an external system (for exam- 

45 pie, to a.cHent outside the local area network): ^ - - ' < u < :■• •<:*:!. : ■ 

'[bb29] That is, in a cafce where data cannot help being'fransmitted through the. piArtic communication line though the 
remote site analysis station is placed in the commbh network^ is possible to prevent the xiata from leaking out of the 
public bbrfirndnicatibn lih^'by^placing^e-endpherep andthe decipherer, in the public communication line., 
[hpicff The%spectibn data" : isi secret ihfoFmatibn which should be'kept-from .the otdsider-since a manufacturing scale 

so arid a yield of a semiconductor maniifecturing'line cAn^b^easHyrfestimited ;from the^quality :and the, quantity, of the 
inspection data: On the other hand; the inspection datais meaningless if itjs notiretrieved and analyzed by, many engi- 
neers e'n^^ed'ihiWipr'cvirig yield in a lot of semiconductor manufacturing lines in order to effectively improve the yield. 
The essential elements described above are particularly effective for preventing leakage of the inspection data informa- 
tion which is retrieved and used at many sites though it is secret information. 

55 [0031 ] An aspect of an embodiment of the present invention will be described in detail below, referring to a semicon- 
ductor manufacturing line having inspection/testing apparatuses and groups of pattern forming apparatuses as shown 
in FIG. 1. 

[0032] The inspection apparatuses and the testing apparatuses are a group of wafer outer appearance inspection 
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apparatuses 5 such as an SEM type pattern defect inspection apparatus and the like, a group of worked pattern inspec- 
tion apparatuses 6 such as a pattern dimension measuring apparatus, a pattern superposing inspection apparatus and 
so on; a group of formed film inspection apparatuses 7 such as a film thickness measuring apparatus, a film composi- 
tion measuring apparatus, a film characteristic measuring apparatus and so on; a group of ion injected state inspection 

5 apparatuses 8 such as dopant concentration measuring apparatus, a dopant profile measuring apparatus and so on; a 
group of reticle related apparatuses 9 such as a reticle extraneous substance inspection apparatus, a reticle defect cor- 
rection apparatus and so qr^ a group ofphysical analyzing apparatuses^ 1.0 suchas a TEM, an AES, a SIMS and so on; 
a group.of faultrescujng. apparatuses 11 such as a wiring correcting appafattis for correcting a wiring pattern' formed 
on a.wafer and so on; ahd„a group^of pattern'formfhg kpparatused 1 z: the pattern forming'apparatus 1 2 has a function 

io to transmit pattern design inf or malibn such as a pattern density' and so on to ah krfaiysis station corresponding to 
request from, the analysis station..^ _ „ _ ^ ;3 ^ _ ' ^. - " . 0 

{0033] Furtherv a review apparratus^an-apparatus fqr preciselyjnspecling defects by: forming a defect image) for clas- 
sifying the, defecte so as to b.^ * . _ . , : . y />' i J : 
[0034] The inspection data obtained by, each of the inspectfoo sfclded with ^dditfonki 

is data such as kind data, wafer data and so on, and is input and stored In the data base as inspection informatidn. The 
data base server performs, retrieval and updati ng of th e i nspeqtion J ^formation r \ ; ' 

[0035]- The data on the kind-bv-kirtd basis, the wafer data and the'insp>crion data are commonly used in each of the 
inspection and the testing apparatuses. Each of the inspection "and the testing apparatus esl^rtTead but and use the 
data on the kind-by-kind basis, the wafer data and the inspection data from the data base by specifying" them: In a sem- 

20 "(conductor manufacturing line in which frequency of changing in the process conditions is high and many apparatuses 
of the same kind are used, the essential element of download is particularly effective for decreasing work ait changing 
the condition and preventing occurrence of faults caused by a mistake m the changing. 

[0036] The inspection data stored in the data base is used (J) for forming analysis data in the analysis station and © 
for observing and analy^ing defects.precisely^using. ttoe review apparatus and the physical analyzing apf^rlafus; J ; 
25 [0037] - Description will be madebeiow on ^.th e ; form|ing of G ahaiysi$ data^ Refects 
using the review apparatus. ".-■%/.. v . v :Cl ?> ; . ? ^Joo\r\i. ?t ;o Y *■ >. a: 7r.\ • v ^c^-j'T-'-'' 

(J) Regarding the forming of analysis data: 

30 [0038] The analysis stations 3a, 3b are apparatuses for forming the analysis data descri^eif al)6ve, tnat is : ,%r terming 
and displaying (1 ) wafer outer appearance analysis data, (2) yield analysis data and (3) wafer outer appearance : yield 
correlation analysis data.; 

♦XllWafe^pirter^appearance analysis, data:: _ v .., ; <. ", --^X^r^v " .• * $ 7?^S71 ' / *; ■>■ V JV''.'^ ; 

[0039] FIG. 7 shows an example of a display of analysis, data in wafer outer appearance apal^is/ The ^ wafer outer 
appearance analysis data is data oh defect distribution and on change in occurrence of defecls^formecf and displayed 
based on the inspection data. The wafer outer appearance analysis ponsists oj.functions of defect map, . defect density 
or defect probability map* change of defects with process/defect level management in addition to data base retrieving. 

40 [0040] Here, the defect is defined as follows. That is, in regard to a defect hayjng a r problem in "existence" such as an 
extraneous substance particle attached on a wafer surface, a pattern defect, ah extraneous substance particle attached 
-on a reticle, a reticle defect correction mark and a wiring ^correction mark, a state in which the "existing type defect" 
exists on a wafer or a reticle is defined as a defect. In regard to a defect having si problem in a "state" such as a pattern 
dimension, an accuracy of pattern overlapping, a film thickness of a formed film, in-film stress of a c forrhed film arid a 

45 dopant concentration, a state in which a measured value of the "stete ; type defect" is out of a range of specification is 
defined as a defect. 

[0041] A magnitude of the existing. .type defect is .express.ed.^y.,size,. a,nd^a magnitude of the state type defect is 

r expressed by a measured ya/ue. \ _U \.^c - ^ Yr-v '* •* -.-"J;"- V = ' ....'^' 5 ,\>ln - 7Z' \ 

[0042] In regard to a defect in connection with a reticle such as an extraneous substance ^ 'particle aftacji^ on a reticle 

so .or a retide.defect correction. marK a value , converted on. a wafer is used as the size or the measured yaiae. In regard to 
a defect expressed by a vjector among the state tyjz>e defect? such as an acpuracy of patterd overlapping is expressed 
by dividing th.e, measured,.yalue into, a .magnitude and a direction ^ or an x-cpmporient and a y-compofient 
[0043] In order to displays shown in FIG. 7, the following process is performed: " " ^ ' ' ^ ' 

[0044] Initially, an analysis range, that is. an inspection data retrieving range is specified by specifying' wafers to be 

55 analyzed with AND conditions using a kind name, a lot number, a process name, a wafer number, a period of time, an 
inspection apparatus name and so on. By doing so, data in connection w|th the specified wafer is retrieveld from the data 
base and read out to the buffer memory. - . \ . / , . : I , 

[0045] Next, a requested display format of the analysis data (a,graph format such as a map, a chart of ctiange with 
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process and the like and jterris and scajesof the ^dinate and the abscissa and so on) isspecified. * 
[0046] Thus, necessary analysis data cah,be displayed jph.a screen using the absye-menfo^ 
enlarged view of chip and a defect iWge^nbe.^a^^.from the map, arid a"map ! ;6f ^specih'ed wafer (aifetfrabted 
map) can be also extracted from the chart. * M . , ; JV ; ' ; . . 

[0047] Further, information for tracking jfiown cause of a fault or pause of occurrence of defeats &r?be obtained from 
a checking map, for example/ intprmatipnln ;coffnectiqn with fatality of defects can be; obtained by checking a defect 
map, with a. yield map of the/same wafer,!pra^ a defect-map of proc- 

ess A wifh a defect map of process B o^^ information can be obtained ( by checking a. 

defect map of the wafer A with the : defect rhap oHhe y wafer B 6f the sdme process^ : ! ^ ' ;v: 
[0048] , In this embodiment, checking of various cxjmbiriatibns can be performed since based on the inspection ihfor- 
matiqn tfre.other inspection infoVmltion^ im^e information are managed. F)&7 is- such an example of display.^' - 
[0049] /. Examples of various kinds v pf displays of wafer outer appearance will be described beldw-in detail. < ■ 

(i-a) Qefect map: 4 ',. '.. ' ' **, !7;."'. , ' \ 'V ' ..; ?:: " . , ; 

,[0050] A defect map isjprmecl by plbtting"a\resuit . retrieval from the inspection "data base on a-wafer map to make a 
defect state on the wafer ^sup^ clekh'''*^" /V ^ * ^ ' T ' >u 

10051} In this ' er^bpdimeht7the displsiy units ^fe provide^ in the anaiysis'%tatiohs 3a; 3b of the system shown in FIG. 
i , and inspection' data read out from the data bale' br'trib irnagS fileb&sed ondeSigrt^lofl of various conditions ^ dis- 
played on a specified region such as a wafer or a chip displayed on the display unit. * ' ; ; - ? 1 • 
[0052] The designation of various conditions will be described below in detail. 

_(l-a.-1) De^gpation ^ of^di^la^ cpnditipn: ^ . . , ... 

C (a)'" : D^1gnatibn of Sa^i^ing cd'Aditibri: '"" ^ - ' - >j "' ■■ * ' ,: ' * : ; ^ : 

[0053] Defect inspection data is selected from the following condition to be displayed. In a case of plural designations, 
the condition is expressed by AND condition. (I) Wafer classification: ® all wafers, ©"wafers in the same lot. © clas- 
sification op .the specified I wafer basis. (H) Process classif ication: 0) ail processes, © classification on the specified 
process basis, ffiityociss & ^ese^time v ^ the process at priesent time. - ' • ^ " " 

(m) Refect tfassfficatjori^ ^-"'"^^ " " :; 

(b) Designation of ro^ .',! t 'T\rV ' ' \. : " ' ' ' 

, [0OS4J Defect d'ata belonging to a specified defed dias^f icat^ the specified defect classification 

J code is to be described later. ,Z \. ' .,■ . ". * "J '*'"' 

'"(c) Designation of condition of d"^edsizeAmea^ured Value: ' * : ; 1 , • vc- 

[W)5£] befect'data fitting to a Wpecified rlrige of size/rh^ ■ *' ,! - : . VS*. 

~. [0Q56] . Designation of the range of size/ measured value is performed by selecting one out of Q) ah upper limit; © a 
. Jwer'liiprtV r 0.a ^ecjfi^range v ' " 7. ' . , ° r " .!7 '. ^ r " T ' v "; — ... ■ \ 

uipp57] In regard' to 'd^initioh of the 3z<£ an iterri' is selected from th6 fofloWihg by setting a'length-bf'a defect in x- 
: direction in k yrafer coorclirate system to X and a length bflhe defect inV^irection¥a Y.;Tlie'ti^ is an item 

of data obtained from the extraneous substance inspection apparatus or an item of data obtained from the review kppa- 
. rgtus,,^d, registered. as. d^^ v , \l ' 1 ? 

(j) size '= >/(area pf Jd'efect)^'' ' 1 7 ^"^jr'.'-'-'.V.,; 'J- '] ; ''XL'V/'V._ - " ' *'* ' ' 

© size = V(defed length X)x (defect length Y) ^ - ' f ... , ? . , . \ : . ..... <\ . 

<3) size - V[(defect length X) 2 + (defect length Y) 2 ] . , . ^ : '* , ; 5 ' ■ ; ; 

" @* size ='Mac [(defect length X), (defect lengthY)] "* **' ^ ^ - . / 

© size = (defect length X) 
© size = (defect length Y) 

Q) size oc function of (defect detecting signal intensity) 
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(d) Designation of check: 

IF 

[0058] A plurality of results of analysis data are displayed by overlapping. The following checks are available. 

© defect inspection data - defect inspection data i r ' r 
© defect inspection data - operating test data 
"" v ® operating test data' - operating test data : - v " * ' * K • 

[0059] : InTegard to display of the defect inspector data - defect' inspection data cheek, the checking condition and'the 
! checfdng;memod aVVdeslgnated-as^fbHcws. 1 '■■ z ; \' •' r * * ; :; v /' 

(I) Kinds of defects to be displayed by overlapping: 

[0060] © an extraneous substance particle attached on a wafer surface, © a pattern defect, ® a pattern dimension, 
@ a pattern overlapping accuracy, © a film thickness of a formed film, © an in-film stress of a formed^ilm, © a dopant 
concentration, <g> an extraneous substance particle attached on a reticle, ® a reticle defect correction mark, ©a wiring 
correction mark and- so on. . : * ,v? v • •? ..v. •* : .. 

[0061 ] It is possible to check between the same items each other. Fon?example, checking defect size with defect size, 
orpattern dimension with pattern dimension. The checking of this kind.makes it fxissible to-check difference between 
the inspection apparatus and the testing apparatus, change with time in performancesjof the inspection apparatus and 
the testing^ apparatus, performance of inspected wafer dependence and^so on, and is a particularly effective means to 
realize" an accurate inspection;' ~ .^\L-: f ; ^ ( • 

(H) Data retrieving Condition- .- ■ - - : * ; - c 1 * .>.. ' r : r •;. 

'[0062J •••v - '^ f ^ *• — '>'w~k .: i^taioty c-^si-J :. r>y.,. 

• Objective wafer: © all wafers, © wafers in the same lot. ® the same wafer. 

Objective process: © all processes, © a process at present time, ® processes b^bre; the. processed present 
time, ® retrieval on the process basis. 

• ; Objective inspectfoaapparatus: © all apparatuses,; © retrieval on the.speeif iedrapparatus basis , ■ \ ; ? * 

• Objective defect sizeor measured value: © alKdefectsvorallimeasiiredryalues^© an ; upper limitvalue, <§>a lower 
• . Irmit value,- @arange. - • : \' - ' 1 ' .-r::;^r .• ^ ^ 

Objective defect type; © all defects, © iataWefects,c'@;nbmfatar;defecls;' © defect oritthe classif ication-Qode 
: - basis:- .-: V . , .v :, v - ... =---'- J ■ :-v:*--v", vy- -j;;'; .: 7*"^ 

(IE) Checking condition and checking method . r: " r ' l ■ •' ^ 

[0063] ' : - '7 • ' : ' ' : '•' ; ' : - : - ; ' ; ' 7 : ' : • ' ; *" ' '"" 

• ' Allowable deviation orange at comparing coordinate data: © an; upper limit. 4 . i/-, ;.- » 

- Checking method: © OR, © AND, r ® XOFV ■ ? I F : r ^ v 

[0064] Displays of checking of © the defect inspection data - operating test data and checking of © the operating 
test data - operating test data are to be described later. ? . : ■-; 

[0065] According to this embodiment, the defect inspection data can be displayed as a defect map based on the 
-above-mentioned designated conditions/For example, when the® retrieval on theprocess basis' ia selected, as [the 
- objective process irv the above^mentioned designdtioh, a display as shown in FIG; 18 san.be obtained: . ■ _n 

[0066] These^designations are performed in theranalysis stations 3a, 3b,jand inspection data. is read out from the data 
base or the image file based on the designations and output based on fixed-formed display fof ms,(map display, chart 
display and so on. the various display forms described in the present specification): . .•• ••/•"•' 

[0067] Further, in order to make the defect analysis easy and accurate; the following special. display functions are-pro- 
vided*. ■ - . ^■ . - : ; . _~: «- ' " V ' • »' < ' " " - ' ' ^- ~" ' , 

(1 -a-2)1n^wafer and in-chip divisional designation displays:.-''-' -c^i *nc i ^/ ;.ro: ; ,- ■ 

[0068] As described above, the inspection data taken by the inspection apparatus is displayed on the display unit such 
as a CRT as a defect map. ' - r ! ' "■■ , 
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[0069] At that time, some defects are fatal defects and the others are not fatal defectsdepending Jon positions where 
the defects exist even if the defects are similar. Further, there are some defects which need to be observed in detail and 
the;others which do not need to, be .observed in detail. If these matters can be visually distinguished^ the defects can. be 
correctly classified and accordingly extra review (details of the review are to be desqribed later) becomes unnecessary. 
Thereby, it is possible to speedy improve the yield and increase the work efficiency in the semiconductor manufacturing 
line. \ r/:; . . v ■ ; . ,r 

[0070] Examples of the display forms will be described in detail below. 

(a) Enlarged display: ■ ; ■■ : .v, iv: . ^ ,. : - 



[0071 ] This is a function to enlarge and display a specified area on a wafer map. A part of thexlefect map-is displayed. 
. [0072]' In-more detail.tfor example, a specified chip is enlarged and displayed (the display shown in ajower left-hand 
" part of FIG: 7). It is convenient to judge theiatality of a concerned defect and to. extract and display a defect image taken 
by a scanning electron microscope (SEM) or the like.- - . — - : ■, - . . 

is «" [0073] Further, by enlarging and displaying an image on the exposing field basis of a<step-and-repeat-equipment (a 
light exposing equipment), it is possible to accurately specify a position of a repetitive defect produced at patter reform- 
ing by light exposure (at reticle pattern transferring to the wafer). Therefore, it becomes easy to perform feed-back to 
cleaning of the reticle and to judge the fatality of defect. This case is based on exposure field. arrangement data regis- 
tered as data on the kind-by-kind basis. 
20 [0074] Furthermore, it is possible to enlarge and display on the block-by-block basis bf dividing the chip arrangement 
by the predetermined inspection block basis of the defect inspection apparatus. 

. (b) Reviewed:defectidfesplay^ ^.'sc:vk> C y::. \\ v-s. .r: Oi -^ry. ; tJ v.-*" 

25 [0075] A semiconductor wafer becomes a 'product through various treatment processes- and there; are inspection 
"processes tor quantitatively inspecting ^produced ^defects between the treatment processes.. Further, there -jp review 
work for confirm whether or not the inspection is properly performed, the review is generally performed oo pre?|$rgeted 
v:de1ects,!^xit 4jsed for;analysis:work to;be performed iatetby making it possible to judge whiqh defect has been reviewed. 
[0076] In this embodiment in order to attain such an object, reviewed defects are distinguished and dispteyed on a 

30 defect map so as to be capable of being distinguished. The distinguishing method considered is, for example, to use 
different color or shape for marks indicating defects. ,~ ■'<■*. :M; v 

[0077] As a practical example, when a concerned defect image is required to be seen during analysis work,, it is pos- 
sible from the 'reviewed defect display' attached to the defect on the map to judge whether or not the defect review 
image has been already taken. If the defect review image has been already taken, the defect image can be extracted 

35 and observed on the spot. Capability of. performing the above-mentioned, processes depends on/that the analysis sta- 
tions 3a, 3b and the data base and the image file of FIG. 1 are connected to the communication network an<2 the history 
of review is stored in the defect inspection data. 

(c) Scribe-line display: : e.t' ; - . — — . ^ 

^[0078} The scribe-line is a iine^shaped area between chips where no acfive pattern exists. The wafer is f inally cut into 
individual chips, and the scribe-line is; as it were, a>margih left for the cut. That is; a detect on the scrib^rline cannot be 
f-a fatal defect even if the defect exists. "Further, performing work such^as. review. on such a defect is useless and results 
■*in decreasing work efficiency \ r "'■ -. 'u:?.;-. •ry-. - k - - < : 

45 [0079] In this embodiment, the problem described above can be .eliminated by displaying the stfriba-line.or defects on 
' the Scribe-line in distinguishing from the other area .on the wafer or the other defects. o 
[0080] Methods of the scribe-line display considered are to display the chip arrangement data registered in the data 
base or the image file of FIG. 1 together with the defect map as wafer data on the kind-by-kind basis, or to compare 
defect position information obtained from the defect inspection, apparatus with! scribe-line position information erf chip =■ 
so arrangement data and then specify and display positions where the both agree. 

(d) Area-by-area basis display: 

[0081] By designation of an operator using a pointing device or the like on the display unit or by designation of area 
55 based on the arrangement data registered in the data base or the image file of FIG. 1 . defects in the each designated 
area are displayed so as to be distinguished. 

[0082] In a case of a memory cell LSI, a memory cell area is displayed with distinguishing from a circuit area in the 
periphery. The circuit area in the periphery has a lower pattern density compared to the memory cell area and accord- 
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ingly has a relatively smaller probability of a defect causing a fault. On the other hand, there are some cases where a 
fault of the memory cell can be rescued depending on the fault condition. By displaying the both areas with distinguish- 
ing from each other, it is possible to take measures such as classifying defects or selecting a review position to cope 
with similar defects in the both areas even if the similar defects exist. 

5 [0083] That is, it is easy to determine a measure of- inspection or Review. 

[0084] The same effect as described above can be attained by doing the distinguishing display between a gate area 
and an inter-gate wiring area of a gate array. ** * 

[0085] The distinguishing display is performed based on, for example, chip arrangement data which is registered in 
the data base or the image file of FIG. 1 as the wafer data on the kind-by-kind basis, !t ; isacceptablethat defects iathe } 

10 memory cell area and defects in the peripheral circuit area are displayed so as to be respectively distinguished from 
each other IrVthis case, IfYe'defeet position information! obtained from the defect iospectioaapparatus is compared with'. , 
the^abov^mentiorfecl bnip'-arrangemerlt'data. • - >-\ . .7 >t c :: r.*.; . v.,-..: - ... 

[0086] Furfher'.>n effect similar "to that described above can.be attained by.doing.the distinguishing display on the 
pattern density basis. In this case, pattern density distribution* data i'n.chip:is;registered as wafer data on the kind-by: 

75 kind basis in advance. ' : - -* -"' *- -.^ 3: / - ( * -\ <. 

[0087] 1 Further, it is acceptable to distinguish on -the basis of inspection ^sensitivity of the inspection blocks. In general,, 
there is limitation determined by the maximum noise area inside an inspection area. A lower importance and larger 
noise area is omitted from areas to be inspected in order to perform highly sensitive inspection. By displaying the lower 
importance and larger noise area with distinguishing from the other areas, it is possible to omit unnecessary review 

20 work and the like. 

[0088] ' An example of such an area (called as a non-inspection area) is a memory mat edge in a memory LSI. ; ; 

(e) Clustering display^: ■/ r: \. " " " '" ' r : ~ 

25 [0089] Clustering : (gatherrtfg) ; def ects or an area where clustering defects exist are distinguished and, dismayed out of 
image data obtained from the defect inspection apparatus. ^ --c r- .: v ^ 1 . . ; , 

[0090] The ciusterihg'defects have a iiigh: possibility tc^causeia fault- FurtheMn general the dusterLrrgidefects are^- 
in most cases, produced by the same cause of defect. That is, characteristics of all the defects in the cluster can be 
clarified by picking up and reviewing a specified defect among the ciusteringdefects.- *. n' l>,: ; : ; -70 7. 

30 [0091 ] In this embodiment, in order to make the work easy, when a cl uster state of defects is above a preset condition' 
by judging the cluster state thedefects or the existing area otthe defects are distinguished and displayed. For example^ 
in a case where areas having number of defects above a preset value.are continupuslyrexist within a^ertain area, cr : in 
a case where defects adjacent to each other continuously exist within a preset spacing, foe group; K pf defecrts-is recog.7, 
nized as clustering defects to be distinguished and displayed. 

35 [0092] Therein, the recognition and the distinguishing of clustering defects are performediby the^defect inspection 
apparatus or the review apparatus and the clustering defects are registered in the data base, or performed by the anal- 
ysis station; " v 1 ' Vi - r ' ; \ V: 5 ~\ : ' v; - * '> - V % "< • V'c\/, > / r *• 
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(f) Repetitive defect display: 



[0093] In this embodiment, defect positions are compared on the chip basis, on the exposure field basis or on the 
inspection block basis, and defects repetitivefy' 'appearing at a position. in : the same coordinates are judged and dis - 
played as repetitive defects. 

[0094] " The judgment and the display are performed based on defect coordinate data obtained by the defect inspection 
45 apparatus br'the like.' ' ' ^ : - *-v- ^ ~- ~«oc r : r :7o ; y-S" \ l ■ ■■■■ 

[0055] : By the display and the judgment," it is possible to verify: forcexample, a pattern .defect of thestep-and-repeat 
equipment (the light exposing equipment) for transferring a circuit pattern by continuously repeating ^exposure,, a- defect 
caused by the reticle and an en-oVieous detection caused-, by the inspection apparatus;: *~ , , ...» .7; ^ - ,, ■ 
[0096] For example, a reticle correction mark has a small lithography margin andraccordlngty.js apt to cause a pattern 
so transfer fault. In the highly sensitive inspection at the performance limit of the inspection apparatus, small unevenness 
in the sensitivity causes erroneous detection. Since the erroneous detecting portion often repetitively appears; in. order 
to eliminate the Erroneous- detection caused by the inspection apparatus, inspection data,is dealt by dividing into 
inspection blocks so as to be judged and displayed. The inspection block means a repetitive unit in comparative ^inspec- 
tion/ * ; " ' " ; '* ?' : - • .• "13 ~ '-yr. 77 ^ \- 177777; 
55 [0097] In detail, the defect coordinate data : obtained is divided -based .gm exposing f ielct arrangement data registered 
in the data base ^6f FIG/ 1, and items of defect coordinate data : on,ihe basis ofjthe divided partial coordinate system 
are checked with one another. When number of defects regarded agreeing in the coordinate positions- is large, the 
defects are L distinguished from ; the other defects and displayed as repetitive=defects. This processing is performed on 
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the analysis stations 3a, 3b. it " • - . - \; 

(1-a : 3) Inter-process'dividing designation display:. .^/ov- .- ■ *. ■■ *. . )\i- t y .*,-• . , I ■ 

[0098] A semiconductor wafer manufacturing-line has aiplurality of treating processes and many Inspection processes 
each of which is placed between the treating processes. Inspection data is obtained in . each^oithe treating processes^ 
[0099]' * : The inspection data is 1 attached with inspection-information and registered in the imagefiie 2 and the data base- 
1 shown in"RG. 1. The inspection datais registered' on^the: process-by-process basis of inspection, that is, by ^ispjay- 
ing the inspection data on the process-by-process basis of inspection, it is possible to confirm change of defects in each 
of the treating processes. Thereby, it is easy to specify which process defects are produced in, and it is possible to cppe 
witrf measures to eliminate the defects. The details wilt be described, below. , >: . ■ 
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(a) 'Process tracing display: : * : — oc .j >\ . • 

[0100] * In regard to a defect on a wafer/ whether-the defect is produced in a process before a process at present time . 
is traced and studied by comparing each defect coordinate data of each inspection process. That is, defect coordinate 
data of a wafer is compared with defect coordinate data of the same wafer obtained in a process before the process at 
present time. If there is a defect agreeing in the coordinates within a preset range, the defect is regarded as the same' 
defect ft is^orisidefed th^it the defect regarded as the: same defect ^produced in a proqe^s before the process at 
present and affects the present process. t v ; : k .f ^ f - --.j , r . • : ~. 

[0101] By dispilayingrthe resiUlt as showrr irLFIQ^^/ it impossible to, specify what defect ,is. produced in which process. 
-;>■-; -i-y^j'.z - .\ ;: ^ to 3oi?3f- ^"..^s^, *.;x -* .:■;./..; ? - f ■, , r ■ - .- ',- . 

(b) Display of defect produced in th^ pre^nt prdcess.- • ; r* v - ^ ^ ... , v3 ■-. „ - . : , : . ^ . 

[0^ 02] In r^gard fb ^ defect on 'a^wafer, whether the defetf ^produced in a prpcess at present time is traced and stud-, 
ied by "comparing coordinate data ofeachdefect That is, the defect produced in the present process [s distinguished 
from the" other defeCts^Hadrsjsldycid::.^ ^ - • ; • . z„ .. ; ;; . ; - • ^ .,-v- -v : • 
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( : T-a^) L fievietir p^ldr\aispls^^v'- > v~ ^r:\z o.ri \. t , . .,- : , : r - r . r , . v ; *; • "/ 

[0103] In a recent semiconductor manufacturing line, a review is performed to judge whether or not inspections per- 
formed in inspection processes are appropriate. However, since it takes a very long time to perform the review for all 
the defects, it is necessary to select defects to be reviewed in advance. If the selection is irripfoperlyperformed, relia- 
bility of the data obtained using a very long time is decreased and there occurs a problem in that the data does not 
reflect the actual state. <«- ■ 1* ■ • : s \ . v . - ^ . v • 

[0104]' Deiscription will be made below in detaiLoh an example©* ^display for supporting the selection of appropriate 
review positions. : - • • - - 

[0105] Therein, the review is performed aceording>to the procedure of detection of defects, exclusion of 'false defects 
and classification of defects in order to point out defect and clarify cause of occurrence of the defects, the exclusion^ 
false defects means excluding an event that a phenomenon actually unacceptable as a defect is erroneously detected 
ks^ existence of : a defect.' : - .■■■- ) - ^ ~ J - ..vu. . --...-'.v . ■ l- \J {;-,-• - — • . • - v ;. : j] 

[0106] Recommended review positions are automatically selected aruJ displayed., The selection is performed accord- 
hg ^to the procedure shown iri FIG; 5; ^ 'T- ' : • -. : .r. ^ : 

' ' <3) Deleting defects produced in processes before the present process.- , r , . , - . .. . : ^ v s - . ; . ^ 

© Performing clustering judgment; and deleting : defects in. a cluster portion but leaving ?pecjf ied number L of 
; defects^ ■ ■ : - ' v>: • ' - " . , *-"/;■:-. 

® Judging repetitive defects on the chip basis, on the exposing field basis and the inspection block basis, and 
"• deleting the 4 repetitive defects but leaving^specffi : - .; r ' : r<) 

' ® Checking with extraneous sub coordinate positions and are 

smaller than a specified size: " ,: -* r *V \ i :\-, ■ v ^ - . - ^ ^ v, ; : ~ - - 

" Judging defect positions, and deleting defects estimated as .non-fatal d.efepts;' The judging method, is specif ied 
one from the following. 

Judging pattern densities, and deleting defects in a position having a specified pattern density lower than a 
specified pattern density. 

Judging isolation degrees, and deleting isolated defects. 

Memory LSI: Judging whether a defect is in a memory cell area or in the peripheral circuit area, and deleting 
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the defects in a peripheral circuit area. 
• Gate array: Judging whether a defect is in a gate area or in a wiring area, and deleting the defects in the wiring 
area. 

® Displaying the remaining defects as recommended reviewposition. 

[0107] The above processes CD to ® are the processes described in the items of .(1>a-2),:ln-wafer/1n-chip divisional 
. designation display and (1-a-3) Inter-process dividing designation display, . . ; : v ._ j . 

[0108] : The above procedure is arranged in order of low reviewyepommending degree, iDtit the order is not limited to 
. th':s:order. Further, it -is not necessaryyto employ a!l;Of the processes (J) to <©, but it is possible tq employ one of the 
processes or a combination of two or more of the processes. r ; 

[0109] On the.otherhand, frQm the viewpoint that .an important problem i j$ a defect affecting th^tollowing. processes, 
defectsproduced in the processes before the present prpcess aFe displayed ;as sampling positions. — , , . - L 
[01 1 0] The defect detecting work needs to be performed at as high sensitivity as possible so as to not miss serious 
defects, but number of erroneously detected defects, that is, number of false defects is increased and the review work 
becomes more difficult as the sensitivity is increased. However, according to tha cpnstruction described above, number 
of defects to be reviewed is reduced and the review work can be simplified. 

(T-a-5): False defect judging means at reviewing: . s>"\.;/ "~ • :A -rn 
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[0111] The example in which efficiency of the review wgrk is improved: fey displaying review;; recommended positions , 
.in the preceding item.. However, one of the reasons to mak$ the review^wprk < difficult is/that the review work cannot help 
performing using an SEM though defects are optically detected. .■ . - _ e ; i ^ 

[0112] - ln ; the present time,, a defect having a size of 0.2 iim can be detected using an optical , means. However, ci nee 
, maximurn resolution of ar^optobmicroscopeis about0,2^m 7; reyi'ew;.using theppticaivmicros^opei^annot distinguish 

• shape and color of adetededfine d^ect. instead. of opticahreview, . ; v . 
[01 1 3]- However, an SEM image is different from an .optical £n^e.^§ontrast^ 

different from the optical image, what can be seen is only the surface srjape^nd^ not 
included. Therefore, in a case where.optically.detect^i contrast in. structure or.thedif- 

ference of color and brightness, the SEM review cannot recognize these factors, and cannot judge and^re^iewthe fajse 
■ defects correctly. t .? W-y. • - • •.. a; « t -r; ?.» • : ^f-r •'■-'■v-.tj :,\ p .-m ~ ^ : K x: % ? 

[01 1.4] For example, ;in a case where thickness of a si^P n oxide f iim js ur^enQn^ 

• ;,of color appears by interference inside the film! in a method of comparing twp jmagesflpr exampje, imagespf two., chips 

tobe:ccwripar^ $f x ?&&py 
detecting. the differencebetween r thetwprimages in color and brightness;<au^ ( by trjie .Mneyenn^of color^ 
[01*5] On the other iiand, in s case where the <^ef^ is reviewed .u^ 
position and accordingly the defect position cannot be detected because the SEM image cannot detect theunevenness 
of colored the film thickness. - : .. < '-: : - ^ ri: - ; : ' < ~ . 

iOll 6] Since the pattern defect inspection apparatus is.of a high throughput, ,an ppticai image comparing method is 
40 used;;Xherein ; ifthera exist difference in pattern shape and/pr image contrastcaused by variation in pattern dimension 
- and position on the surface, difference Jn interference color caused by variation, in f iim thjckne^ on thesurface, change 
-in light reflectance-caused by distnbution of a doped impuityzoyer. thesurface, a wjring correction mark and so on, these 
are detected as. defects, However, the defects include many defects tp.be classified into the false defects. , . 
[0117] , In order to judgejneial.se defect correctly and speedy using these -factory, as reference information at $EM 
45 .review, data on the variation in pattern/dimension and position^ the variation, injilm.thickness, the variation in the doped 
impurity, the wiring correction mark and so on is online collected andstoredjrj the data base. Then, the datajs r$ad,out 
at SEM reviewing to be displayed at a time on the display uwt provided in the analysis : station. ; . :: . - : ,- 

• .(1 -ar6)- Simplification of defect classifying work: £ ^ r : • *r. m^o o .,: m j ; ^ '.— -.J* 

[0118] Inthe present invention. defects are classified at reyiewirig. , t - ... ■ . c, ..'&<■>. .* 

[0119] Details of the defect classification is to be described later. Since there is provided a means, for classifying 
defecte on the.basis of combination of a plurality of elemertts.expressing characteristics of the defects, it ^easy to spec- 
ify a factor of producing defects. Jhat is, when defects* are ctessjied according to. .dassif icatipn cpde.as shown in ; FjG. 
55 10, it is easy,to study -what cause, a defect/is p^ 

known.- - ::■ ■ ■ - crrr-.v v - r ! r-:r- /•cMxiot' ;•«??■• ^ . < ' i: ' r:. : . , \ ? : ...c 

[0120] For example,. in apase wherejan element "shor^circuit" is-observed out of, characteristics pbtained from the 
: screen information of FIG. 10, it can be considered; that 4he cause of producing the defect is halation due t to "spread" 
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caused in the* light exposure equipment. . ' . . - * - . . * > - . ^ ? - 

[0121] It is difficult to specify characteristi cs -of- defects because various kinds df'Slements are complex.- However.-in 

c lhe present invention, the specification of dfefects can be made easy by classifythe characteristics of the defects in 

: detaik This effect can be attained by display each- of the elements of the selected di&fects orv the display unit of the : arial- 
5 ysis station 3 as shown in FIG. 10. ... : 5 ...r - ,ri'j-<r, ; : . 

• L fOt22] By reading out each 1 of the- elements obtained at'reviewing from the : data base using defect selection on the 
display unit, an operator carTmaT<e-the a^ based on the display.- the details are to be described 

Wafer. - ' :: ! ' 1 ' ■ * ■ ' ; ><*\^tf' , \c ^ ; ..- 

io (1-b) Defect density arid defect probability maps: '■ .' - : i - \ V 

[0123] The defect density means a degree of closeness of defects on a wafer or a chip. 

[0124] As described above, the existing type defect is such a defect that the existence itself, is problem/and "number 

of the defects becomes a factor to affect the final yield. That is, if a defect density is known, it is possible to determine 
15 a' yield td-a v certain 'degree based on an' empirical rule and accordingly the defect density is effective. On : calculating a " 
1 defect density, the defect density is calculated by 'dividing a total number of defects existing in ascertain region: by an 

area of the certain region. ■** ■ ■ ~> ; • ■ y. ;>•* ..• 

* ; "[0125] 1 : V The detained cbnstructionr'of cafculatirig sucrraidefect density is thaf:number c of detectsv for example, on a 
*" region specified by the pointing device or the like 'on the display unit provided- irt the aTialyste station 3a or 3b .of FIG. 1 , 
20 or a regibh-s^ecrf ied by arrahgemerit data re^istere^ihthe data ba£e 1 'as inspection daWoran area value input from 
'^th&aVisHysfs station SaxSr 3b is'divideid by ; arParea^6fttT^ region. TrWarea of the arrangement data registered in the data 
*"6aseis%e^sitered?fG^ :*.■■- • - ~ • — 

[D126] - An -example 7 (the density map of the second frame in 

-^I^Hand^iaey? ;;; ^-^ ; * i:- ..<= j.\ ■:. . - *>.■ -.r^: r .V:r — ■.' : ' 3^.->r- ■ .... -K . ' ■ .-. - 

25 [0127] In this example of display, defect densities on the chip-by-chip basis are displayed. In this case, number of 
5 defeat : obtainecTby the waf#^^ter ^ai^*e^ric'e , Inspection apparatus group 5 oi FIG. 1-of the like and registered in the 

data base^i' is divided by a chip-size also "fegisterecl in the data baseband then the value \s displayed on a* wafer map 
v ' "displayed orf the display unit of 'trie ^analysis'sta^on^ 3aibfr '3b. In the 'example of FIG. 7, each' otthedensities isdisplayed 

on each of the chips with 'a histbgram : bras^ f qh a r height ofthe density By this display,^ is possible' tbUtortf irm the defect ■« 
30 i 'tferislry oh tfte ehip^by^hip basis at a glance and fd study a trend of number bf produced defects to each of the positions 

bh the wafer/ * r -— * " ;: ' ' r " :: ^- --irc.y • *\ • xi.;^ \ . , . 

[0128] On the other hand, the defect probability means a probability expressing what-momber of values deviating from 

a reiference value exists in numberof 'measut^Va^ 

of defects Exists in number of measured points inspected: As for tfte istat'e type defect, the "defect" is a'defect deviating • 
35 from a -certain reference, and the other defects'-afe hot regarded as the "defect". The* -defect -probability is effective in 
confirming the state type defect in which a'state such as>pattern dimensfon or film thickness is problem/The state type 
defect is a defect in which the problem-Is a degree of a state such r as pattern dimehsionlbut not presence of an extra- 
■ * heoiis substaVice particle or a pattern defect as described above.The yield d^jaends 6n ribtohly the existing type 'defect 
^ such as a pattern defecfor an extraneous substance particle but also the state type defect such as pattern dimension. 
40 ' - : 'If defedts are determined;from the viewpoint ottne existing type defect in spite-ofthe above'fact/it is Impossible to attain 
improvementof the yield 1 which is ^ - . ' ... 

[0129] The result is displayed in such a manner as the defect density map described previously. 
[0130] Taking a case of the map of the second frame in left hand side irr FIG. 7 as in example similarly to the density 
map, defect probabilities on the chip-by-chip basis are displayed in this example. By this display, it is possible to confirm : 
45 the defect probability on the chip-by-chip basis at a glance and to study with what degree of probability problem defects 
£ "exist in each'bf the positions on the wafer: fH >:■■"/-. : & ->„.'•<■ .: 

; t0131] The examples of three-cHrhensiorial display are described above; but two-dimensional display fnay be accept- 
able. Fuftribrrselectiohbfthe display conditions described in the above item i of defeat map may be employed. For exam- 
: ple,^ -the display , cb1^ifidns : 'at f e : sj^rficattoW of ^condition bn : the kind basisV Specif icatioh of 'condition on the category T > 
so basis, specification of defect size/ measured value condition, specification of in-wafer/ in-chip dividing and so on: 

[01 32] - ' These specifications are -perform^oh'-th&^halysis'istatibh 3a or ; 3b ; j and the above-mentioned-specifications 
- of condition are'displayed 'mainly on the -display unit so' as fd select brieout of -them. Data necessary for a selected dis- 
play is read out from the data base 1 based on the selected display condition to be displayed. 
[0133] The specification of the display condition is performed using the keyboard, the pointing device or the like pro- 
55 vided in the analysis station 3a or 3b. 
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(1-c) Display of change of defects with process: 

* 

[0134] The display of change in number of defects with process shows change in number of specified kind defects as 
the process is changes by taking the process in the abscissa. . , , 
5 [0135] In the embodiment of the present invention, there is provided an original display form of the present invention 
in addition to the dispiay of change of defects with process disclosed in Japanese Patent Application Laid-Open No.3- 

44054: *' ' ■: ' i : < . - ^ . '." . : ' * " * ' 

[01 36] in the present invention, there is also provided a function to 'chart-display number of defect, defect density or , 
defect fault ratio on a wafer or a chip for the existing type defects described previously, and to' display number of defect,? 
10 defect density or defect fault ratio for the state type defects. s vy;.:> 

[01 37] By the display, in a case of the existing type defect, defects produced in the present process and defects pro- 
duced in processes precedent to the present process can be separated and displayed by comparing positions .on: a .: 
wafer of "defect produced in each-of the processes. ; ,. ^ ; 

[01 38] On the other hand, in a case of the state type defect mutgal validity of a resist' pattern inspection process and 
is an etching pattern inspection process can be checked by comparing change of defect states in tHe dimension inspect 
tion process for resist pattern and theidimension inspection process for ejching pattern. AsTdescribSd above, an appro- 
priate display corresponding to this embodiment can bf performed. [ " ~, ^ v " . _ 7 
[0139] Acbbfdtng to the present embodiment, in order to realize such a clisjDlay % described above, whether the -exist- 
ing type defects, or the state type.defects are displayed" is predetermine cqn^ to be inspected or 
20 an inspection apparatus used. In detail, defect information obtained by as apparatuis for inspecting a^state" of defects < 
comprises a means for judging and specifying defect information obtained by an apparatus for inspecting "existing" of 
defects based on inspection conditions and data registered in the data base. This judging and specifying is performed 
on the analysis station 3a or 3b. "' ; r ^ r " 1 : * : • — 
[0140] : The^specrf ied. result jsTegister^d in the data base or image file as defect inspection information. 
25 [0141] ^Further.-in a case of ^l^ing defects based I .on what. Wnd of process; the' defects are ph>duc^,4h6:s^tection 
is performed by specifyirig^whether the v defecte.^ the-exiSting,type 
defect or the defects are produced after a process cap^le jpf ^^i^^pe^ito typetlefect 1 Then, thescilecting niton- . 
matidh is registered in the data base : as t^^def^jn^ec^on, data, 5 Affef^ per- 
formed ^basedon*the registered p^ta> ^ - - \' ■ 'rT. V.;".^.''. V| '\ ^! ' " '" £ 1 ' 

30 [0142] According to the embodiment p% the present invention,'.™ Qiefects, a defect density; "a defectfault ratio,: 

a measured value, a defect probability of the existing type defecf and the state type : d&ect are determined cased on t&Q r 
following calculation -equations,. . ,: , . . : . ,. t , _ . , ?->-,;el r ■ 

number of defect = (number of defects excluding erroneously detected depots). * ' : v/;: " c 
35 .... ^ s- " 

defect density « (number of defect)/ (inspected area per chip) x (number of inspected ch]ps), ' \ .,'[. 

defect fault ratio = (number of chips having defects)/ (number of inspected chips)-. 

40 ■ - : * • .. : . ... ■ . . : ■ : . » ■ , , >. . t ... . . 

defect probability = (number of defect)/ (number of inspections) x (number of inspected chips). - . 

[0143] As described in the item of defect map, the defect inspection data can be displayed as data of change of defect; 
45 with process based on the following specifying conditions., ^ . . 

1 . Display on the kind basis. • - . 'c^v z^-.-*-* 

2. Display on the category basis. ,.. , . . v ... 

*: 3. Display on the size or measured value basis. , : ». ttf \ . ^ J . ^ ' '* K ; ' • ^ : r ; i.::?v. 
so 4. Display on the region basis. . , : . iV „ / v .^.^ T '"V \" ' 7 j ^ " ; ^ ,'~zirZ 

5 Process tracing display. , : ^ . iT , ; . . ' " * " • J - ' - ; - > hs>.- ^ 

[0144] In regard to defects on a wafer, whether or hot the cfefects exist in processes before th£ present process js^ 
traced by comparing^coordinate data -of eacj^of the d^f^ct, and the result is'dfsplayed in a forrrfdf a divided chart on a 

55 gallery.-^. : - v-..r.: :. - ■ . — : '"Y^i^<'^-'X^ : [ - ' 

[0145] In the display of divided chart,, "process name" .^^i%ijli;ajl6tn^ng condition is taken in the abscissa, and 
"number of defects" is taken in the ordinate for a case of the 4xi^ihg't^pe defect and "measured value" for the case of 
the state type defect. ^ w 
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■ : A • ■ - • - ■ i • • * 4 

T01461 A chart is displayed according to the selection. - ■ ' < /• 

014* Retrieving conditions other than the process name are to specify an objective water an objective 'nspect,on ; 

range at comparing coordinate data. .. .. A " "'- ' • ■ ' . - -V 

6. Dtsplay,of. defects produced in the presen^^ • '*".".; ... " 

rmasv In reaard to defects on a wafer, whether or not the defects are produced in the present processes is tmced.by 
c^p^^^elaTof each ^d^dfatt* in the processes before the present process, and theresu.lt 

a case of Jhe eSing type defect and measured value, dfefect probability or defect fault ratio .staken m the .ornate for ; 
fhe case of sSte tJpe defect. acjcJ toiaLprocesses, .the present process or processes before-the present P^cess^s ■ 

75 condition.;. !: >•■ ■. :■■ ' ; ■ :. ; ; „■ ... . ,' 

(1 -d) Defect level management display: . .; . /" 

rmsoi In *hedefect level t^^'&^A^j^^^^'^^^.^^ ratio'fora case ofrthe.. 
[0150] a ***2?«Sme2 uced value" defect p«)ba^lW- 5 o>-aeHe^ult-raM6 forth* ea^ofctrre state type defect. .s 

taken in the abscissa \ 
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1 I , J H^riS* density or defect feu*, ratio is taken in the ordinate for a case of the existing type defect and 

m£T Asdescrtoed in the Hems of defect map and display of change of defects with process.- the defect inspection, 
data can be displayed as date^change of d^ectw* process based on the followir^ cond>t,ons. , 

30 1. Display on the kind basis. 

2. Display oh thecategory Basis; r *y ■' "* * "~ : * v *.":•-'>' * 

3. Display on the size or measured value basis. 

4. Management reference value display.;- >- ?.-.->*,-., v. r • „ - • ; 
[0153] A management reference value : and statistical such as an average value and a deviation 
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R^her. a display method is selected one from graph display and numerical display. Setting of the manage- 
mentreferencevalueis selected one from the following twp. ... ...... ...... . , , ,.. 

Displaying values stored in the data base as the inspection data. - ' ' ■■ ■ ' e i J " 
. Automatically setting and displaying statistically processed values of the stored inspection data. 

T01551 At that time, the following condition is further specified. . : '; .' „„_ 

0156 Tne pressing range is selected any one out of a period before the time-point of calculation cumulated proc- 
essed lotTand nurter of cumulated processed wafers. The displayed value is selected any one out of average value 
andlver^ge vX/deviation. The automatic setting is performed on number of defects for the ex.st.ng type defe^ and 
deviS S *e^tate type defect. .The automatically set management reference value .sjautornatically un.oaded to a 

SS? '^^JSS* wheh iHfinput 

encevalue o? « fluctuation state deviates frpm.a spewed. reference, an alarm is set so as to automatically sound. • 
[0158]. . The specified reference is selectively spec»i^ anyone of the following. • • - •• • . - ^ ' ; ' 

1 A sDecified Cp/Cpk value is specified as a reference. ' ' ' . ' . 

2 7n a case of occurence of a special distribution - where defect occurring frequency of a special chip is high or 
^o^g^^r of a special portion in a chip is high, alarm is sounded when the state exceeds a certain 

TLen the management reference value deviates from an allowable defect occurrence frequency, alarm is 

sounded. 
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4. When a measured value of defects or process parameter is continuously fluctuated within a specified period, 
alarm is sounded. In a case of the existing type defect, alarm is set so as to sound, for example, when the abovg- 
mentioned parameter on the existing type defect is in a increasing trend. In a case of the state type defect, alarm 
is set so as to sound, for example, when the above-mentioned parameter on the state type defect is in a increasing 
or decreasing trend. 

[0159] According to this embodiment, a defect chart or a map in a specially specified classified interval or specified 
time can be displayed! * *-. - * j m - ;:: - ■ : r • ' r - > ' ~ * '* 

[0160] - Further; a report oh a specif ied item is issued with dpretfetermi nled. time interval and a pr.edeterminedrformat. 

7 (2)*Yi"eld r anaiysi^data? r ■ • r - 1 r .:. • -~ '.;v, - * . v - , • - :• 

[0161] FiGV8 ^hbws an ^arrple of an analysis data display- in a yield analysis. .-. r - . ; J 

[0162] The-yielCT analysis data is obtained mainly based oh conforming or nonconforming results of chips obtained 
from ^n operating testing Apparatus of a semiconductor manufacturing line. The principle will be described below taking 
the semiconductor manufacturing line connected to the inspection and testing apparatuses and a pattern forming appa- 
ratus group as shown in FIG. 1 . 

[0163] An operating test result obtained by the operating testing apparatus of FIG. 1 is registered in. the operating test 
data base 1 b as operating test data. At that time, data on the wafer-by-waf er baste of the wafer performed the-operating 
test is registered in the inspection test data base 1a as attached information. At forming yield analysis data: 'when the 
operating test data is read out from the data base 1 b, the attached information is read out together. 
[0164] Positional coordinate data included in the operating test data is registered with physical positional coordinate 
data converted from logical positional coordinate data. A positional coordinate converting interface for performing such 
conversion is provided between the operating test data base 1b and the operating testing apparatus group. The con- 
stnictio>> of the ihterfaca^lll'be described below. :. - - l .is*--, bv- w , v^-- ; . <r . e / :-! V:*"' : ; 
"[0165] ; A FlG/2 : isa<view sri^^ positional jcoordi- 

hates of % memory LSI.' The Conversion perfbrmedtoy a<lbgic£rpo$itional coorc^atesVphysical positional, coordinates 
conversion table constructed based oh the-cbhv^rsibh' principle shown in:F1Gr2^ 

construction. "•• ; -' : " * - T ^ ' " ''■^"■^H ^ ^•••^'j ). s/v^ »rj ~? 

[0166] The conversion' table comprises T: a table' for positional coordinates and direction of ajnemorymat in aefoip, 
2. a table for positional coordinates anddirection of a memory cell array on the memory, mat and 3:;a,table for positional 
coordinates and direction -of a memory^ceil on the miemory cell array. sr<\ ■ : v p:; ':: : o & f '-r j; 
[01 67] The table No. 1 is a table showing the relationship between the logical coordinateJnformation (pip numbered 
path number uskf ih a test by the operating testing apparatus) and physical coordinate information (memory mat name 
and the positibnaPcbordinates arxi- direction)-; and is formed in arable as shownih FIG. 3 (a). The table No^Z is arable 
-showing the relationship between the'lbgical coordinate information (path number) on the memory mat ahd physical 
coordinate information ;(memory cell array name" and the positional coordinates and direction); and is formed in a table 
as shown in FIG. 3 (b). The table No. 3 is a table showing: the relationship betweenjhe logical coordinate: information 
(Y-address and X-addres^ of a testing apparatus) drithe memory cell array.and physical coordinate information (posi- 
tional coordinates of the memory cell), and is formed in a tableas shownin FIG. 3 (c). 

[0168] in this embodiment, conversion is performed from the logical positional coordinates to the physical positional 
-coordinates using the conversion tables havihg the structures described above in a procedure shown in FIG. 4. 
[0169] By having such a construction, it becomes easy to specify a defect which causes fault That is, since apposition 
of a defect and a position of operating fault can be checked, it becomes easy to specify which defect is a cause of the 
fault. 

[0170] Based on the construction, the yield analysis described below becomes possible in'the present .embodiment ; 
[0171] Initially, conforming probability of a chip on a wafer can be displayed based on the operating test :result This 
is a means used on an occasion, for example, that the conforming probability of a wafer is calculated oa the chip basis, 
and calculated based the following calculation equation. • s.° 

(conforming probability of chip) * (number of chips which have been conforming)/ (number of tested chips). 

[0172] This calculation is performed by the analysis station 3a or:3b. The analysis statioacomprises^a computer: for 
performing theoaldulatidn, and the conforming probability can be obtained by reading o^ conforming ilem/nonconform- 
shg item data of chips frorn the-'operating test data- baseband by -dividing ^number of the-rconformingitems with the total 
number-of the-cbnformirrg items and the nonconforming items. ^ > \-\ / .=•■■:;.,.;':.,.."' •.. r , ; 

[0173] - Further, i*rt is possible to display the analysts information in the display form of a w^fermap shape as shown in 
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: FIG. 7. •• z • : .^.^ - , 

[0174] The display of the first frame in the left hand side of FIG. 8 is a category map. This map displays kinds of oper- 
ating/faults on the chip-by-chip basis. Inorder to .display this kind of display, in the analysis station, kinds of faults tq-chip 
positions are specified by reading out the chip coordinate data attaching to the fault classification code data. Further, in 
5 the display shown by the center frame in FIG. 8, the category map and the wafer outer appearance-are displayed in par- 
allel so that what kind of defect in what process causes what kind of fault can be specified. 

[0175] As described above, in the present inventiQn/4he (display described above can.be perfocmed by selectively 

- reading-out necessary information from : the,data base or the image file based on an .operator's instruction. / ■ r 
[0176] -Similar to the description in the item qf defect map, the yield analysis data can be displayed based on Jhe fbl- 

10 lowing specifying condition. - . •: .. ,\-.; ? - ,:. f ; ; , * , . / 

• \-. 1. Display on the kind basis. -.. : , *• ; ' ■ 

■ 2-. Display on the category basis*. ■< * : >. ■ I • : <; 

v- :• ; 3.. Checking display, r ■• ^ • „ .. ? - \ ' \ - <■ .. ... - . ***' ..1. 

75 4. Enlarged display...-; . , / ;; . . r ; ; • , ;r . c ., , , , 

.v- :'; 5. Image display/ j- ■■■■■t=; ■ ..-i - - - ; o- t - ^,:v r -\. v \ : 

- . 6 j Extracting display ^ >.v • . • ; .: v^r;^ -• . . ■■•*:, v' v, . % ^- ■.,„.«. ... .* 1, 

[0177] Further, in the item 1 of display on the kind basis, there are.displays on the wafep,basis, on the propessjbasis 
20 and 6n the^aujtt>asis eadn of winch is specif ied^^ the wafer basis, 

5 -bne;oMhe:items^consistin^^ speeded. In regard to ,the,display on 

the'processiDasisVonaDltha:^^^ of, aH, operating tesfcproe esses- and specified operating : test processes is 

specified. Further, in regard to the display on the fault basis, one of the items consisting of all faults, DC faults and func- 
-Nti'on faultsiS'Selectedi TEherdisplay on- theiaultrbasis r is" r a^^cial^item Jor the yield analysis data, , and by selecting the 
25^"kihdan'a^ - . 

[0178] The item 2 of display on the category basisis an item for <selectrng£nd displaying fault data belonging to a fault 

- eias^icatidnj-code.^pe^ifierf.^i^ri^ lvxlj-.; - .r\ ■ . > . * ^ . • ~- r .. 
[0179]' The item 3:*cfiecking^ 

~ v ahd the'operating [tesldatabr.two.kindsjofethe operating test data. For. example/the display shown by the, central ^frame, 
30 -'/-.of FIG;8^parallerdisptay=of the; operatingitest data and the defect inspectipn^ta), is. perjbrmed. by this specif ication. 
---However, in order to obtainthisxlisplay, additional specification isrequiFed for reading out image files of inspection i proc- 
esses A to D.Kinds of checking condit ions wH I be^ described ; _ . ; 

[0180] In a case of displaying on. the wafer, basis., a. kind of operating test -data : to be overlapped. ; ^and displayed is 
selected from the items consisting of oonforming item/nQnconforming item,- DC faulty function fault, fault-classification 
35 '■ code and conforming probability.of chip. In:a case of displaying.on the chip basis r a faultppsition is specified.^ - - - 
[0181 ] "-Defect inspeetion;data to be^overlapped with operating test datajs selected, based on the following classifica- 
tion items. - • \-'-"r v 5 v; t ^ \ : - . - jr . \ 

Kind of defect " *. ' 

40 Kind on the process-by process- basis • :: t - c ; :^ ? 

> * J Kind on the defect-by-defect basis / - a -/ n . t , : « ; . : ■ : - ■ - - ; " 

^ -Objective defect slze/mea(5uredi-va.lue--a : ; w. ■. ^ - <y t ; 1': 

Range :_.-.^.V:. - : , :■ : • 

Kind of display 

[0182] The kinds of defect are wafer surface having an extraneous substance particle attached, pattern defect, patter 

dimension, pattern overlapping accuracy, film thickness of formed film, in-f ilm stress of formed film, dopant concentra- 
^tibh/reticlehaving an rextraheous:substance particle attached,. reticle defect Qorrectiqnmark; wiring correction mark and 

$6 on. The kind on the process^yprocess basis is a selective itern^of ^IJ prpces.ses.or specified process basis. The kind 
so . ^on defectrby^defect baste is;a selective item ■of allxEtefects^fetaJ defects^non-fataj. defects or defects on the classification 

code basis. The objective defect size or measured value isla selective item forseiecjing one from specifying all defects 

or numerically specifying such as specification^ a measured value t -an upper limit value, a lower limit value or the like. 

The kind of display is an item for specifying presence or absence of display of the scribe line or specifying presence or 

absence of display on the area-by-area basis. 
55 [0183] Further, the objective wafer is specified by one of all wafers, the same lot wafers and the same wafer. 

[0184] Furthermore, check condition and the method are specified. The check condition is an item for specifying an 

allowable range at comparing the coordinate data., and^he checking method is an item for selecting how checking the 

above-mentioned items by selecting out of OR, AND, XOR. 
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[0185] The data based dn these selected items is read out from the data base 1 or the image file 2, and displayed on 
the analysis station 3a or 3b in a predetermined display form. 

[0186] The item 4 of enlarged display is ap item for enlarging and displaying a specified area on a wafer map. Th£ 
following effective enlarged display can be considered. 
5 [0187] Fault position data is enlarged and displayed on the exposing field basis based on the exposing field arrange- 
ment data registered in the data base. By performing such a display, 'defects caused by an apparatus such as a step- 
and-repeat equipment can be specified. 

[0188] Further, the fault position data can also be enlarged and displayed on the block basis by diyiding the chip * 
arrangement into inspection block units of the inspection apparatus. 

10 [0189] - Furthermdrerthe fault position datain a specified area can alpo-Jbe enlarged and displayed; ; 

[0190] The item 5 of image display is a function for displaying an. image of a reviewed fault position by specifying *he 
fault position: ^ ; : ; *- v.'.;' c : ~ ' ' . • -r . ■ . - , < r • v ; 

[0191] The item 6 of extracting display is an item. for maprdisplaying the yieJd.data in a specif ied classification interval ;' 
or In- a specified timg; "> ' *•?: ! " - -v v • «» : : v ' : • - . 

15 [0192] : The yield level management display- will be described below; The yield J evel management display is different 
from 'the defect-level management display described in the item of defect analysis data,;and,the yield is set to classifi- 
cation Interval number in the yield level management display. - : - ; ; : 

[01 93] : In'detail, a chart is displayed by taking yield or chipconformingprobabilityias/the classification interval number 
in the abscissa, and by taking number of wafers of which the -yield or chip conforming probability is within the clasjsific^- 

20 tioh interval- number in the ordinate, c ■ * 

[0194] In another example, a chart-may be displayed by taking period, wafer or lot in the abscissa and taking yield or 
chip conforming probability in the ordinate. ^ .. 1? 

[0195] ; Further, a chart is displayed by taking operating lest process in tha.ab^ciss^ and taking yield/ chip conforming 
probability in the ordinate. Process tracing can be displayed by this. ■ v , - T , . . ., r v > t r _ f ; „ . ^ r 

25 [01 96] The defect inspection data can be displayed as data of change with process based on the ^following specifying 
cdnditiohs* though the* simitar description- has been made in the items, of idefect map, and the display; of def ect change * t 
with process. -v.rr^r - :> y. 'o r • >;:± ~ >v ; f=f^-.. •• v: i ; K o; r.,.-. 

" : 1. Display on the Wnd-by-krhdbaste^ ^ - -r^oc-io - & ^1? ■■; c ^ . ::v: ; ;; , ( r * : . ,/ 
30 ' "2: Display oh the category4jy-category> «• ; . ^ /. ^ v. r.-e; ;-..-.rjn»\ © : -v ^ . •* 

■~ 3v Managerrient reference value display ;i ~ ; " . r , . , vn , • ;.. •- .,. ; > ^:„-- 

[0197] -A management reference value and statistical processed vakjes-sqsb as an average and a^deyiation are 0is r 
played.' ' - ; - ; • .c' --^ ^ 4 c'^t;v=-:i ^.i? v>^:\^: . <• 

35 [0198] - Further.lri regard to displaying niethod, graph: display ochumerfeal displary^sd amanage-. 
ment reference value is performed by the following two.- m\ * : :.z . ■ ■ » ' : v v o . ; A :ti-; ■ ; 

*' ; Values stored^n the-datalDase : as inspection idata are-displayed. ; ! v : • .-^ r; - ' 

• Statistical processing calculated values of storing coridition data are automaticaljy set and displayed. r - :r .. r - t 

[0199] in addition to these, the following conditions are specrfied at .that time. - , f . 

[0200] A processing range is specified any one out of a period before the, time point-of calculation; cumulated proc- 
essed lots and number of cumulated processed wafers. The displayed value is selected any one out of average value 
and average value/ deviation: The automatically set management reference value is automatically unloaded to a related 
45 inspection apparatusby specification. r : : >. - "< -.' ".^V*: ■ ■ . - - : j} - 

[0201] In the embodiment of the present invention, when the input inspection data exceeds the management refer- 
ence value or a fluctuation state deviates from a specified, reference, an L alarm js.§et so as r to automatically; sound. 
[0202] The specified reference is selectively specified any one of the following. » ; , v ; ; , ^ . , 

so 1„A specified Cp/Cpk value is specified as a reference. . ; !" -. " :, . . ■ ' \ :'_ r , - ;^ • : t r: .y 

2. In a case' of occurrence of a specrai distribution, alarm is sounded when, the stato exceeds ascertain leyet ... . >i 

3. \Mien adefect bccurrence frequency of a.specified chip is high, -aiarrrj is sounded. ^ - 

4. When a defect-occurrenoe frequency of a specified position of chips is. high, alarm is soup^ed. c . 3 - .- v \ u 

5. When a defect occurrence frequency exceeds, an- allowable defect occijrrence frequency, alarm is sounded. - J 
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[0203] According to this embodirnent; a defect chart or a map in; a sp^ciajly spepif ied classif iedjntecval cm* specified 
time ban be displayed. r - ■ r-. - -M ^ :■■ . ^ ' f-^'.yyj ' o'6^:r..^.---v: --<u, -■ 3- ,r , -k. : - '.-~. 

{0204] Further- f a report on a^specifieid jlerri is jssued with.apredetermined.time interval and a pr^etermined fqrmat 
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(3) Wafer outer appearance -yieteLcor relation analysis data: 

[0205] In this embodiment; a construction for estimating -a yield of wafers or, chips from.defectsJn.the wafers or the ; 
chips is disclosed; Thb details wilt be'described below.- / ^ .: < " = ■:' - . -„ 

[0206] The semiconductor manufacturing line comprises a plurality of treating processes and a plurality of Inspection, 
processes, and semiconductors are completed through- these processes. ■ ; : . „ 

[0207] In the mid time of processing, a yield at the time when wafers or lots are completed is calculated based on 
inspection data of process defects havirtg-obtained from the inspection processes before the present time and a budg- 
etary yield bMhe following processes. The' calculation result; that is, the estimated yield is used, for example, as foltows. 
When the estimated yield is lower than an initial planned value, .the wafer or the.lot is taken away from the process lin,e 
in the middle f of the processed and -a new;wafer or lot is additionally prepared in orderto make up the deficient produc : 
tion quantity The taken-away wafer is used in fault analysis or the like in order tQ make the cause of fault,clear. On the 
contrary, when the estimated yield is substantially larger than the initial planned value, measures such as reducing- 
number of the following wafers or lots or stopping thecmahufacturing-ih order to adjust the production quantity. . •* , ; 
[0208] Such manufacturing management can reflect to more improve the production efficiency as the accuracy of the . 
yield calculations hig^ as.described above is mostiy depending on -.asense. of an engi- 

neer obtained by his experience, and accordingly it is not what anyone -can .do. .< . c , ;«_• } - * * - - 

[(teO^p" In order to solv^ this prabl em, in the present invention, there are provided.a^means for respectively classifying 
def6^ : into -Combinations of elements characterizing -wafer defects and a-pr edetermjned yield correlation table which 
shows a yield of wafers or chips on a wafer to the combination of the defect elements, s r: . 
[0210] The above will be described in detail below, referring to FIG. 9. FIG. 9 is a block diagram showing a flow of 
data in a semiconductor manufacturing line. Here, the review is a process for reconfirming whether or not thejnspection 
results obtained in the inspection processes are proper, or a process for checking defects recognized by thennspection 
results in detail. In the embodiment of the present invention, the review is performed based on sample imagesrobtained 
mainly by a scanning electron microscope for reviewing. The sample image is registered in the image file. r , 
[OSfiT] Accordihg-td this embcx^imenf. defe&t classification codes are determined -according to defect detecting r v esults 
obtained from the review and the inspection processes. This is the defect classification In the present invention; -iThe 
defect classification dodemeansa combination:^ the defectrelements. described previously; The defect element means 
an item obtained by fragmenting the defect characteristic item as shown in FIG. 10, ; - . : c; V\ . . 

[0212] The review and the defect detection are practically performed according to the flowchart shown in FIG. 6. A 
process defect detection result obtained by the pattern^ defedrmspection. .apparatus or -the extraneous substance 
inspection apparatus on the' inspection process is regiistered in . the data base as inspection data based on position coor- 
dinate data of a process defect transmitted from the data base, the review apparatus performs positioning of the defect, 
forming of an image (including judging whether or not the- process defect detection result is-faiseinformation), classifi- 
cation of the defect from the image and transferring the result to the data Ipase. \ : , r - .r 0 
[0213] ^Then, 5 \r- : ■ ' ^ ^-v,-'- ^ • .v--^- VJ v _v>- . 

the defect classification code is registered in the data base^sraxlassificatidn code for the defect. 
[021 4] Methods of determining characteristics obtained from the image information considered are the following two. , 

1 'Classifying by dn operator through ol^erving a defect images ■ - ^ ■ ■ . , c-r . v. 

2. Automatically classifying by a computer, - , \- v. >.;■: v - ■ / : 

[0215] In the above item 1, the defect image and the classif ication code - l characteristic item corresponding table 
shown WFIG; TO arVdisplayed on the display unit of, for example, the analysis-station or the review apparatus of FIG. 
1 , and the operator fills out items of the corresponding table while observing the defect image. Whery the input is com- 
pleted, characteristic obtained from the image information of the defect image is determined by. comparing with classi- 
fication code to each 1 of the combinations of characteristic items pre-registered. In ttiis case, a model defect image may 
be installed in the defect classification table. 

[5216] " In th^abovte Ifem 2, 'a model defect image corresponding to :6abh of the classif icatipn codes (a plurality of 
model defect images may correspond to one classif ication code) is pre-stpred in, for example, the jnspectipn data base/ 
the image file/and a defecttmage is compared with the model defect images., if there is a mpdel defect image judged 
to be similar, the defect is classified to the classification code. If a neuro-computer or a fuzzy computer is used for the 
computer used in the classification, a learning function to improve accuracy of classification can be given to the com- 
puter by checking the input model defect and the validity of the classification result and by making the computer learn 
the correct result. 

[0217] Practically, a defect classification table is formed using characteristic items extracted from the image informa- 
tion such as shape of defect, size, color, composition, structure and the like and characteristic items extracted from the 
inspection information such as defect producing process, defect distribution on wafer surface, defect occurrence posi- 
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tion and the like, and defect classification is performed by checking an extracted characteristic of the detected defect 
with the defect classification table. 

[021 8] Particularly, by classifying defect shapes not into geometrical characteristics but into types based on short cir- 
cuit line break, projection, chipping-off, pin hole, isolation, the fatal defect can be appropriately classified. 
[021 9] The size is classified not by absolute dimension, but characterized by dividing into degrees, for example, in a 
case of projecting defect, dividing into below 1/3 of wiring space, 1/3 to 2/3 and above 2/3. By characterizing the defect 
shape and the defect size by the above-mentioned elements andihedegree instead of^the geometrical characteristics 
and the absolute dimension, classification having a strong correlation with the yield can be realized. In other words, the 
key point of accurate prediction is to employ a defect classification method having a high validity, that is, to perform clas- 
sification having a higfV yield correlation. ; ^ ~ . ~ r ■ / , : - 
[0220J The fatal defect means a defect inducing an operating fault of an LSI, By dealing with the analysis information 
by unifying with 'the image information as described above, it makes easyto construct a.data base and to perform 
design work of d£a analysis software:- Further, by connecting the physical anaiyzpr group to the.cornmunicationnei- 
work and;c6llecting analysis information relating to composition of defect portion/ chemic^l-bonding state and structure, 
the defect classification at SEM reviewing can be performed more appropriately. , - P 
[0221] In a ca ; se of this embodiment, the defect classification is performed, according to the flowchart of Fr.p. 1 ,1 . In a 
case of FIG. 1 1 , the inspection information registered in. the databaseis read out together with the defect information 
obtained by the review' apparatus, and the information is checked- with the information items as shown in FIG. 10, arid 
classification codes agreeing with these conditions "are given as defectclassiftQation codes^of the defects. . 
[0222] . Since the defect classification codes determined as described above respectively ,havp pre-r^gistered yi^id 
, predicted values (a table of fault occurrence probability on the defect classification cpde basis),. yield pr^irted.yaiues 
based on the defects are determined based oh the pre-registered yield predicted values. : ; ; . 
[0223] Vhe predicted values are grduped on the chip basis and calculated as predicted yield values. t y , r ^ 
[0224T In this embodiment, it is hecessaryto form a defect classification. code, > yield value correlation table in adyar^be 

• ■ ** - : --■ - ' • ■ - - • — ~ 14. , . . _ \* "7 

\ Refect js detained in advance, and a 
iyv. the operating test- result obtained 

^ifrom'W^rMing testing apparatus and ttiedefScf causing the operating- -t^t result. .However, there is, a jSr^ern in 
that since the Operating testing apparatus is'dp#at<^ is 
unclear and ac^rdinply the s de^balusihg Wfeultls difficult*© be:Speorfi«d. r=?r ^ : y.-;- t - 0 ?^- - i f ;r .^v 
[0226] Therefore, accbrding to the present embodiment, the proWemiis solved, by s^aratAyjriegis^ring the inspectipn 
data collected by the apparatus operated by logical address arid the inspection,-datg cpllected,by the infection appa- 
ratus and the testing apparatus operated by physical address (by diytfing^MSata |^\intq>t^^^^^ 
logical positional coordinate - physicarpositibhal coordinate conversfontablede^b^^ 

betweenthe bdth date Bases! ' ' ^ • " * ' l -'M ? ->?U-;r? ..vftr-so-- ^ 3 r. ,v-5:r rr- ^.--r 

[0227] y Sirhilar to the work at reviewing described above/iathisewbodk^ clas-. 
stfication code) is formed based on characteristics obtained from^the inspection ^da^ appa-' 
ratus abd Characteristics obtained 'from the imageinformation obtained ip-the review, apj^ratus, Then, trie table "of fault 
occurrence probability on the defect classification code basis is for mectoy checking the operating test.resylt haying the 
physical positional coordinate data using the logical positional: coordinate physical positional coordinate conversion 
table described above. ■ 
[0228] This probability table is used for the yield prediction as- described previously- Each^plthe characteristic items 
Is corrected by comparing with the actual result/^ 

[0229] In this embodiment, the defect size calculation equation can; be .defined by -specifying a defect size or meas- 
ured value condition described above in the item "of yield analysis data when a wafer having exfr^eouasubstance par- 
ticles attached or £ size of pattern defect (defect size) is' determined, j : i :x - ; i: , r> 
[0230] This" is because a probability to cause a fault is different depending on a pattern concerned even if ihe defects 
are similar to €*abh other! For example; a defect having along length in x-di ruction ^a? a prpbabilrty ^cau^^a fault 
higher to a line-and-space pattern in y-direction than to a line-and-spac§ pattern jn^directiofi. ^atte,^OT.frthe 
defects are similar to each other, the defect classification should be perforrned^so as^o meet the objectiOtbeVrialyzed. 

' In this embodiment; in taking such a condition into considerationv classification mos^suitable to yimpr^<^\oncan 
be performed on defect size by defining the defect size calculation ^uations. . - . , 

; [0231] Further, in this embodiment, a data area in a chip used fir analysis at data analyzing, can be specified. For 
example, an area may be divided into a high pattern density, area anda.lpwdensity ^ sell area 

and a peripheral circuit^rea of -a memory LSI; or'a gate;area and a. wiring areola gate acray r , \. 
[0232] As for the' pattern density, that fe, an' isolation degtee^xiata formed ,aj p^ern^ forming ^an^e diverged;. For 
example, in a case where a pattern is formed using ameiectron43eam.patt^ is 
deter'mihdd depending W a" pattern'dehsity in order to reducedeteripration. io the fidelity of pattern diie."to theprQximity 
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effect It can be considered that the pattern forming-apparatus such asan electron beiam patterning Apparatus is online 
connected to the system, and pattern density data obtained from the pattern farming apparatus is used for dataanaly- 

sis.- 5 : •' - - * ■• ' '■ r ■-■ ; ■ .. ■ ■■ :■ . ?• . - "... • 

[0233] The yield predicting value obtained in such a manner is grouped on thechip ba?e$,as shown in FJG. 12 Shd 
finally grouped on the wafer basis to form a wafer map as shown in FIG: .12.. (: : : :V , - ' , ? 
[0234] ' The defect classification -codes in this- embodiment-are corrected by ; c^mparing^with,thp .actual result, as 
described previously The accuracy of defect classification (the defect classification table and "the model defect)' me^ns 
•a'arenjjth of correlation between classification ^ and- fautt. That ts, : it can ; be,said that the more accurate the defect clas- 
sification is, the stronger the correlation between the classification and the. fault Js. Having a stronger .correlation means 
having capability of predicting a ; ' more -accurate-yield. In the present /invention, in ordertp obtain a strong correlation, 
r the inspection information such As defect producing process and the defect - ( fault analysis information such as com- 
' bositiortbf a defect portioH'are used in addition lo the characteristic extraction from Jthe review image information sgch 
as defect shape when defects are classified. Further, in order to obtain a stronger correlation, the defect classification 
codes are continuously 'optimized. - — '• - ' *- :' ^ ; * 

[0235] the optimization is performed, -for sample, using a rnethpd.tq be described later by checking the defect clas- 
sification or the yield prediction r&Ultwithfe yield of chip having defects or an actual result of fault. The items, contents 
and model defects in the defect cla^srficatidnitable are reviewed any time so as to attain a better.correla.tipn. ' ; ? ; 
[b236] It preferable td provide a func^ion.wWch is capable of. adding ori the chip basis and displaying, defects re- 
counted setting net defects (defects produced' in the- present process) anoVor clust^ring^jfects to a predetermined 
number (OV1, L, number of chips c"c^ere<^byJhe\cIustering); using, tiie defect : ci^jsif jqation, co^e as ^a key when; the 
"defeat classification codes ar© determined fchdtfte^^^^ a case of 

" the pr'e^e^m^imfeVft; >Wrfnb«*tfi eachrof .the defect classifjpatjoacodes registered in the data base i? add ed'bn the 
•» ehip basis or 6ri-the specified area basis by*e analysis station which has a functipa to execute the abbvS calculation. 

[0237] The reason why the net defects and the clustering defects are counted in a rnanher as .described above is 
""Baled' on ttc^fi&l&dfile&Qe that "godd:correlation with.a yield can be atein^. by.p©1brm»ng 'such a .counting". 
' v (0(238] :f! For exanple/FlQ. ! f3 (a) shoWis an exampteiin :which defect classification pode is.taken in the abscissia and 
j; numbefofchipsTmv^ in-the ordinate for wafers wjthin a predetermined retri^ing 

: In tai^Wfiuit"rfidde : as a'rWkmeter^ function to perforrasUch a display 

[0239] In FIG. 13 (a), if a specified defect classification code has a strong correlation, with the fault ratio, it indicates 
thaf the d'e^ lf any defect code has nastrong correlation wrth thefautt ratio. 

: iVindVcateVthatthe defend ciassificatiorils inappropriate: :lf faults are classified so as^Qbaye a. strong" cprrelationwith a 
specified defect r cbde, a cause of producing defects' can be easily detected. and:accor{iinq!y the yield can be improved 
in' a short time, ^nd the yield can be accurately predicted. , - v,:. - „ . . r , , ; . ... ' / 

[0240] : * In this- embodiment, the^cbrrelation between defect cpde : and fault can.be made stronger. by_ re-settihg the 
defect classification codes. - lM < . 

[0241] Therefore, classification codes hot existing before .are newly, s§t and a function to register them is provided. 
This function is that the operator fills out each of .the characteristic items as shown jn FIG. 1 6 at tHeJanalysfe station, 
and heS* defect classification codes are formed by adding- new ^assification codes to combinations ofthe hew Charac- 
terfetic items (elements). The newly formed defect xlassification codes are registered^ the data. base., ; 
[0242] If new defect classification codes are set and;a stronger, correlation can be.obtained by. the new classification 
"codes, the classification is perform^ <more appropriately. A state obtained by the strong correlation he/e means a;state 
V'thWih'tfia^ is, extremely increased compared to 

of defecte having another classification cod e;^ ■■ »j , m, : . ^ t - 

* [0^43] ' jn a caW of an LSI having a rescue function such as a;D-RAM product, it impossible to use a fault chip rescue 
' Vaiid ihitead of the fault ratio. By doing 'so/the yield improving- effect by rescue can be introduced ip the yield prediction. ' 
- The rescue is performed in such a mariner that a wire. of. a failed circuit is cut.using a laser for working and connected 
" to a reduhdant'circurt^for rescue.'Thereinrthe fault or fault chip rescue ratio sometimes depends oanumber of defects 
: ihlhe chip: In such a case; number '6f net defects ina chip described abpve is displayed in addition to the fault mode. 
~ [0244] Further, in brder4o roughly perfbr m>n ^yield= prediction, it Js preferable to provide a function ^ caipable of adding 

andd^ 

. "on We'wafer; basis as kief "at -ah -average hUinberrof -def^ts-per .wafer or a defect ^en^ijy. ^ J. r 

[0245] For ^ exampleV ^IG. 13 (b) shows ah example: in which average, number oi defects :per ^ wafer or chip is taken in 
the abscissa and average yield per lot is taken in the ordinate for wafers within a predetermined range in taking defect 
size as a parameter. By seeing the figure, from data on number of defects in an inspected wafer concerned, a yield of 
the wafer can be easily estimated. Fault ratio may be taken in the ordinate instead of average yield. Failed chip rescue 
ratio may be also taken in the ordinate. 

[0246] In calculating the average value, it is not always necessary to average values over all the wafers in a lot. One 
wafer having the data may represent an average value. 
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[0247] Further, the present invention provide the following function for yield prediction. 

[0248] Based on the result of checking between defect inspection data and operating test data, a fatal ratio of each 
chip is calculated to predict a yield of a wafer. In the prediction, the defect map on the basis of defect classification code 
and defect classification code - yield scatter diagram are u§ed. 

[0249] The predicted results of a yield value and a fault ratio are displayed in the forms of map and chart 
[0250] The wafer outer appearance - yield analysis data displays defect - defect correlation or defect - yield correlation 
based on the defect inspection data and the operating test data^The wafer outer appearance - yield correlation analysis 
is composed of functions of scatter diagram and correlation coefficient diagram in addition to data base retrieving. 

a. Scatter diagram: * - : - r : ' ^ - ' *>:r ;>r . y y- -* -■: 

[0251 ] * A scatter diagram displays correlation betweerfdefect arid yield/the "following are^displayed. ; : '* c ' 

(a-i) Defect - defect scatter diagram: Scatter diagram is displayed Vtatfrig number' of defects/size of defect or 
measured value/defect classification code in the abscissa, and by taking number of defects/size of defect or meas- 
ured value/defect density or defect probability/defect fault ratio in the ordinate. Hie same item may be taken irvbotti 
of the ordinate and the abscissa. 

(a-2) Defect - yield scatter diagram: Scatter diagram is displayed by taking nunriber of defects/size of defect or 
measured value/defect density or defect probability/defect fault ratio or defect classification code in the abscissa, 
and by taking yield in the ordinate. - 

[0252] The scatter diagram has the following sub-menu.' ^ ^i. . ; r.*; ? y :. 

1 . Classification display ; v . ; : ; . , :r\ r. • 

[0253] Data is dis^laye^ fay sefectihg the* datk'fromihe following and Using AND condition when a plurality of itlnW 
are specified. .. 



• Wafer classification: CD all wafers, © wafers in the same lot, ® classif icatio n on th€* ^IcHied wafer : basis? 1 * / -' ' 

• Operating test process classification: 0 all operating test processes, © classification on the specified operating 
test process basis. ;: " - - - - * -r. ^"v: 'c atr^K -^r* >*£C 

• Fault classification: ®^all faults, ©Defaults, ® function faults, ® fault classification code basis. :J 

• Inspection process classification: (J) all processes, © classification brfihfe ^etifieS r process^asi^ <gf a process 
at present time, ® processes before the process at present time. : - " " ■ ■ : ' 

• Defect classification: CD all defects, © fetal defects, © non-fatal defects , © defect classification code basis. 

• Defect size/measured value: CD a" defects or all measured values. © upper limit, <3> lower ifmit, ^ range: 
Inspection data range: presence/absence of area specification. > v;--.*-*--. : c ; ; : : c 

2. Management reference value display: ? ->- 

t ,,.,...< 

[0254] A management reference value and statistical processed values su ch as average value and deviation are dis- 
played. '■■ - - ' : - V, : % -_y y-. r . - 3.- • ^ • ; _ 4 

[0255] Display method,' management reference value ~s<*fting l method and ; alarm method are selected from the follow- 1 
ing. 



Display method: <J> graph display, © numerical display. , , j « : . , . ;n - -.. 

Management reference value setting method: 

- Values'stored in the data base as irrspectibri copditidn data ^re -d* spl^y^J: Statistical processed Values pftK£ v 
stored operating test data are calcUia^ " - ^ ' ^ ! " ' r 

[0256] At that time, the-tollowing are specified: : ^ < ^ - '* ? : » 'V, " - v * 

• = Processing ranges <J> pferiod before the calculation time point, : ©*n umfc >er of cumulative prbcessedlots. ©"'nurnfcter 

; of cumulattiveprdcessed wafers. . " ■ 1 — : *■£ \r. It*. .- ( . .-■-!',;.. . :b 

Display;Value:~<3) average v^ue^ ©-avenge v^ae/devlatioX ' ns ; ^'* v ••«:;i:.i..^ 

[0257] The automatically ¥et'mariagement ti ^ a utbiTTaticaiily unloaded to th^ related operating^ 

testing apparatus on specification. " ' ' l - ■■ ^ ■ ^ ^ r ^ - rr-.« ... - . ~ - . r , >\. ■ 
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. A | arm method: Alarm is automatically soundd when input" operating .test data exceeds.a management/eference 
value or a f lutfuktinig stat? is deviatj^frpm/a .spec^^ 1 reference. . ^ _ . t . .- > . — . -. 

f02581 The specified reference is specified from the following under OR condition. v ■ .... w .. ] . 

s 0259 CO Cp/Cpk value by specifying, ® occurrence of special distribution, © high frequency of occurrence of fault 
in a specified chip, ® high frequency of Recurrence of .fault jn a specified position in, a ghip, (S>-allow^b!e : frequency ; pf : 

?S7 n r?eS daiof a specified class'rf iqatipn interval or.a specified period is displayed in the form of a chart or a map. 

10 3. Basic statistical value display:. . ;1 . ;!.•■.■'■-..*. 1 ■• 4 * ■ "•'':> • ' "■; ' 

[026.1] -Correlation coefficients are displayed on specification. . w ; ■ 

4. Regression straight line display: .v. ; : : . ■ • 1 
15 [0262] A regression straight line by minimum-square method is r disp!ayed on specification.. . _ , . .. . 

5. Automatic reporting: ^ r -' • : ■ - 

20 [0263] , ; Arepod.on a specified item is autom^c^ly 

format. ' ' " 

(b) Correl^ipncoefficient:.di^»^mp ( ; ; ; v. .^' r^" v , v- • %' ; * v "* ' '- " — > 

25 [0264f ^M^^'^^^^^i i^pecti^ data " defectlnspectiondata; defect inspection data - yield^ata 
are displayed . • - ; . ■ ' * ■ v j'-. z ■ r <■ ■ ■* ^ r * 

[0265] T^ollowina of , the sub-menu follows- those of thereafter dia^am 

described above. .; s r», ' ■ • -v.: r ' r. •**•'■-...- . -I'.-'" '< *K> 

30 1. dla^ic^fion 'pi spif y 7 * ; "-: t ... ~ f : = -s. ;:, -.v - * ^ i: r: - : ■- : * --- v * 

2. Management reference value display . ': - &.•*>.- - ~ ■ - : - - - - ^ - V" - - 

3. Basic statistical value display 

4. Regression straight line display ■ ■ - - ' - • 

5. Automatic reporting 
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[0266] Although the examples have been described in connection with semiconductor device manufacturing, ( the^- 
above can be applied to process management qf cjisplay devices, cameradevices and so oi}in addition to the semicqn-,. 



ductor devices. 
40 (4) Download of commonly used data: 



[0267] The system of.the present nvention has. the .following two functions for downloading data commonly used in 
each oft^e inspect ^ 1 

[0268] A first function is executed as follows. t 
[0269] In the inspection apparatus A connected to the communication network : ot FIG. 1 , an operator, A inspects 
wafers by changing an inspection condition based on work instruction. After completion of the inspection, the operator 
A transmits and registers the changed inspection condition ; to4he data base 1 together with.4he inspection data. The 
analysis station 3 notifies pre-designated apparatuses B, C, ... belonging to the same group, as the. apparatus A that the 
inspection condition has been changed. When an operator. P,starts inspection work at the inspection apparatus B, the 
notice that the inspection condition has been changed is displayed on the display unit of the analysis station The oper- 
ator B reads Qirt the new inspection condition fronvthe data.fD ? se ; and ; upcjatesthe inspection addition of the inspection- 
apparatus B. Then, the operator B inspects wafers under the new inspection condition, -c.,^ r ^ : ^ - ^ 
[0270] This function is that the analysis station notifies pre-designated apparatus group that the .nspecbon cond-t on 
has been changed. The inspection apparatus connected to the communication network has a means for displaying the 
55 notice. 

r0271 ] A second function is executed as follows. ,^ . nn 

0272 In the inspection apparatus A. an operator A inspects wafers by changing an inspection cond.tion based on 
work instruction. Atter completion of the inspection, the operator A transmits and registers the changed inspection con- 
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dition to the data base together with the inspection data. The analysis station transmits the new inspection condition to 
pre-designated apparatuses B, C, ... belonging to the same group as the apparatus A to rewrite the inspection condi- 
tions. 

[0273] By this function, the data base and each of the inspection apparatuses connected to the communication net- 
work can rewrite the inspection conditions. x . ; . 

[0274] The semiconductor manufacturing line has a specific characteristic that a plurality of inspection apparatuses 
of the same kind are connected, and species data and wafendata are. commonly used in.each of the inspection appa- 
ratuses connected to the communication network. By providing the' function ^ described abwe, 'even if data is corrected 
or changed in one of the inspection apparatuses, apparatus data in trie jns^ the same kind is cor- 

rected or ^changed.' Therefore, the input' wgrk apd the protebifity of input miss can be su^ reduced. 

(5> Automatic, reporting : _ :J . ...'"','.,. . "._ " , ■ * , '■ r " 

[0275] Issue of report described above is performed as fbllows/The 'Automatic repMirigwill be described bfelow, refer- 
ring taFIG.^5.. , , . v -. f ■ . v , , r . rw ' \'' r ~ . . .' /." 1 . ' v * 
[0276} An operator presets ,ji table determining date to issue a report and daW retneying condition, graph forming con- 
dition and graph printing condition for forming ; the reporj. The followrft^progfam' i£ Automatically executed based on the 

setting. - s > ■ - ■ • . ~ - . - - .... " ..1 " . '." 

[0277] The analysis station reads time by a clock in the system. A preset sjiecHied^time* ihttiates the following program 

to be executed. - ^ . , 

[0278] The table of retrieving condition, graph forming condition and graph; (writing condition-preset By "the operator 
is read out at specified time. Then datajs retrieved'aocbrdihg.tp these ^ con<^^ Similarly graph displays ;br print out- 
puts are output ; topre<ie^ignat^ clients apcorc^ing to these conditions. .'."'Vr _ " .. . .. 1 . ]' 
[0279] According to the present invention, by existence of the function described' above, it is possible' to periodically 
monitor the semicgnduptor. : manufacturi.ng linelhe state Of which is changed every moment. V^J'i 
[0280] In 'onJer.ta attain ahigji yieid and', stable pr^ufi^^ line, a ievef bf the 'man- 
ufacturing process needs to be : managed. highly accuratejy How^ 

number of items to-be managed, an<J ; accordingly ^ tpjf|^ ft is required to 
reduce the management burden. The above-mentioned &ijtbmati"c~rep^ a function to ; be a^^ 
burden. ~ 

(6) Setting of management reference value: " ' tU - ^ 

[0281] The setting of the r management reference value de^cn^ ^ ; 

^[0282] ,. T^es */; 
[0283] An operator presets and- registered, thVf^lowngla^ [\[ '' ...'',"" ' 

[0284] Objective ranges areset according.to the degreespf imppftar^ items, 
management referejice value monitoring ranges (cumulatwe number ^ bflots, period and 

so on). A scatter diagrarn between each of the "managementltems and the yield is used to review and select the man- 
agement items. An r alIowable frequency of . deviation from reference is set for each of the objects. The references are an 
upper limit for the existing type defects apd a deviatiqn for the^Ve type defects! f A reference for calculating new refer- 
ence values is set. Tine reference is new reference vafue setting ranges (cumulative number of wafers," cumulative 
number of lots, period and so on) and a frequencies deviating from reference under the hew reference. 
[0285] Based- on the above set values, Jhe change in the contents of the management reference value monitoring 
ranges initiates the following.^program to be. a T ( " v ' " ' 

[0286] Data within the objective ranges is retrieved. The frequency deviatihg'frbm reference is' judged. If the f requency 
deviating from reference is below a set value, new management reference values are calculated and permission of 
starting manufacturing .under the new management values is asked to the operator. Then the manufacturing under the 
new, management values is started ' on anop^ . '* V ;.. \ .. ". \}. ~\ " 

[0287] in order to attaiaa high yield a man- 
ufacturing process needs to be'managed highly accurately. However, the; highly accurate Ievef management increases 
number of items to be managed, and accordingly burden to the riiahagemerit is increased:- TneretoVe, M is required to 
reduce the management burden. The function of setting the management reference values described above is a func- 
tion to be i a help of reducing the bu/den. ; "V . K; > % : \l^\''// t \ t . ''. T ~ c 

(7) Alarm sounding: " : " *" 1 - - . ^ ..■ , ^ ? , ,. * 
. [0288] The alarm mounding function " ; 1 




EP 0 910 123 A1 - \ 

[0289] The alarm s^ V 7- 

[0290]" An operator presets and rj^isfeced'thefollbvyingV*;' " . _. v ' l . J' . J[ .;/ .. \.;. t ' ';' ; ' - :r 
[0291] Objective ranges are set according, to.the degrees of jfripoftance: the objective ranges are ma'ragementiterns, 
management reference value monitoring ranges (cumulative number*of wafers;' curriulative number of lotsYperibd and 
so on). A scatter diagram between each of the management items and the yield is used to select and review the .man- 
agement items. Next, an alarm and a caution generating reference values are set for each of the objects. The refer- 
ences are .an jncrease and a. degree of deviation , for the existing type defects, and an increase, a decrease and a 
deviation for the state type defects. " ' :i \ rt: 

[0292] Based, on the above, reference values, the change in the contents of the monitoring ranges initiates the" follow- 
ing program to be automatically executed. ..Data w' tnin * ne objective ranges" is : retrieved, and trends of increase, 
decrease and deviation are judged according ' to the following procedure.- ' " '* . v. . * * , ■ 

[0293] . Change of data. is. approximated by a quadratic.curve. The second derivative of the approximate curve'is cal- 
culated." " " " " ' ' 
[0294] -A deviation iscalqulated f rom the approximate curve of the change of data. The second derivative and the devi- 
ation : are compared. with the afafm and tha caution : 
[0295] If the second derivative or the deviation is deviated frpm the; alarm or the caution generating reference value, 
an aj§rrn or a caution is generated, and data related td the' management iterh of the alarm or the cautidn is retrieved and 

OUtpUt. ' t . .--...*.. ? . t . Z : 

. [0296.] In prder to attain.a' high yield and stable pr^u^ph in thfe semiconductor m^hufactuh'ng^rne; afevel'bf the man- 
lufapturing prpceW'ne^ds to b£ ma^a<^d .ffi^ kwaraxi l^#m*ahagement increases 
nujT?ber of. rtems'io. beJmanagecC and ;a<^rdingl^&n^n jto^e^arageitie'nt is increased: Therefore, -it te^required-'to 
TTeducg,'^e ipanageriien^ ^^h) d&dribed above is a function to be a help of reduc- 
ing the burden/ • - r ... .. . .. 

Claims 

1 . A process man^gen^nt ^^em.pmprising a plurality, of inspection apparatuses for inspecting defects on a wafer, 
said inspeqtiphVappa/aiuses beipg 'con^ £ tommunicatibri network, each of said inspection appara- 
tuses being arranged between manufabturing p^e^^sV insjDeciipn information and image irtidfrhation obtained 
from said inspection apparatuses, beirig cblliscf e& to~cpnstrucr a data base and anMma^e file, which further com- 

. ,/prises/means for'^ by b'drnbinatipns itff. Elements ' &raracten2ing c:, ttie v defect based on' the 

insertion inform ; "'"* 

2. A process management system McgojifiinQ tb dainVI ; wljiich cqmpriles means for calculating a yield of anyone of 
' wafer and chip having defects ffppi said combination of elements characterizing the defects obtained from said 

means for giving definition, of defect.. ^ \ " "V ] t V. ,= / " "V."'". \ r ' : 

3. A process management system according to claim jl 4 Wherein ^id definition of defect fs given based on selection 
. ..of ( a^defect by said apparatus connected to said i&n^municatbn n^ork, for^selecting an arbitrary defect on the 

: MO : 7 wafer v 1 ; :~:," :lJi v-V! w.^.i^. I.! • -/'V.- V" ■ -V 

4. ^process management system'ac^r^ing'tocialm a yield of any one of 
. - , .., ^wafer.a^ chip, having defects, frprrt said' cbmbjn^ations bf ^merits characterising the defect obtained from said 

- - :: -means forgiving d means for setting' : saKf corhbinations of ele- "• 

.*">:,• mente ^araderizing defects and yi'ekfs to [said combinations.^ , ' ' "[ : 

5. A process management system according td claim 1 , wherein said element charabteriziriQ the defect is an image 
characteristic of the defect which is derived based on the inspection information obtained frorn the inspection appa- 
ratus connected to said communication network and the image information obtained from the inspection apparatus. 

6. A process management system .according to claim J . wherein, said means for recognizing a combination of ele- 
ments characterizing the defect obtains said elements based on said inspection information arid sa'id image infor- 
mation. 

7. A process management system according to claim 1 , wherein said means for giving definition of defect comprises 
said means for setting a combination of elements characterizing the defect. 

8. A process management system according to claim 1 , which comprises a computer for adding number of defects for 
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each of said combinations of elements characterizing the defect. 

9. A process management system -according to claim 1, which comprises a function for displaying each of elements 
which said combinations of elements characterizing the defect have. 

10. A process management system comprising an inspection 1 apparatus for detecting physical positional coordinates 
of a defect "on a wafer; and art operating testing apparatus for detecting an operating state of a chip on the wafer, 
said inspection 'apparatus and said operating testing apparatus belngrconnected through a communication net-' 
work, inspection information and image information obtained froifn said apparatuses being "collected to construct a 
data base and an image file, which further comprises at least one of means for specifying said physical positional 
coordinates on the wafer based on, .logical, positional coordinates obtained from said operating testing apparatus 
and means for specifying logical positional cpordjnates'of said operating testing apparatus based;on physical posi- 
tional coordinates obtained from said insp%<^6nja^p^rat£is. ^ -v: o- . ^ : _ 

1 1 . A process management system comprising inspection apparatuses for inspecting 'defects on a wafer, .said inspec- 
tion apparatuses being connected through a communicatidn network; inspection infor'mationand image jnformation 
obtained from-said inspection apparatuses being collected to construct a data base and an image tile, which further 
comprises a selecting means, for selecting an t eguatio?i used for calculation "processing out cf. a plurality of pre- 
stbred calculation equations whervsize of a defect is, specif jed'based Gn an-irhage "of said defeci obtained from said 
inspection apparatus.-;;- - ! ;"" " " c - ; ~ - r . r *r ^ 

1 2. A-prbcess management system comprising inspection apparatuses for inspecting defects on a wafer,„said inspec- 
tion apparatuses being connected through a communication network,' inspection information and image Jnfqrrnation 
obtained from said inspection apparatuses being collected to construct a data base 6nd an : image fi!e, which further 
-comprises an apparatus ion displaying, any onp of defects and defect areas on said wafer having different informa- 
tion by *distinguishing:fro.ni any one of ttiejother defects arid the other- defect areas based :on information on Wrifis 

bfsiaid wafers registered in -saki<jata baae.^ " "f ' V . ^ " : * ?] '■- * ". : ^ ; ' ■ ■ < ^ r 

13. A process management system comprising inspection &pptfkftises for Ihs^fecyhg^defect^'on awafer> said-inspec- 
- tibn apparatuses being, connected through a communication network, inspection information and image information 

. obtained from said-inspection apparatuses.bdng'coHected to construct a data base ancfcan imag^f ile, ; whijch further- 
comprises an apparatus for, displaying at least one of defects and defect areas;:on^ 

wafer kinds -.registered -in said, data, baseband having the same MorrnM&i'tiy 'distinguishing. from any. :qne- btjie 
other defects and the'other defect areas. '' v v ' c;> '° ^^v: — - c - v . 

14. W process management system accprding tp.claim 13, wherein said same information is information on the basis 

; . of process:perform(ng the same treatment prdcess among treatment processes performing -tp^id wafers in wafer, 
processing Apparatuses .cprrnected to said cprfiifiuto "H-> : "~ c:-'vx & - : - r 

15. A process management system according^ to claim 13, wherein said infdrmatiori on wafer kinds is information on 
the basis of inspection process performing" the "same inspection among inspection processes of said inspection 
apparatuses^. . , ^ ^ - r 

16. A process management system -cornpr)sihg ihsp^tion apparatuses' for inspecting 'defects ;on a wafer, said inspec- 
tion apparatuses being connected through a communij^ irispectibnanformation and irriage information 
obtained from said inspection apparatuses beingcollected to cbnstrud a data base and an image file,- which-further 
comprises an apparatus for recognizing positional information of said defect based on image information obtained 




17. A process management system according io claim ^6, wherein '? said "specific positional information is positional 
information of clustering defects existing on said wafer/ : v T ^ * ^r.-..: ., ,;- ; >.r ^ ,. : :^- ; . ?v ..... 

18. A process management system comprising a plurality of treatment processes, a plurality of inspection apparatuses 
for inspecting defects on a wafer between said treatment processes being connected through a communication net- 
work, inspection information and image information obtained from the apparatuses being collected to construct a 
data base and an image file, which further comprises an apparatus for specifying and displaying said defects on 
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the wafer on4he lreatment process basis based dp data ;pn the wafer-by-wafer basis-hayjig i^" 0 ^. 
which trealniem process arnong saWpluraity of tr^^^e^^.^p^on-storecl m said data base has. 
been performed. :.-,V; - .« :. ; . v ; ; , ] ' : 

1 9 Aorocess management system .comprising' ^insW^^iRpac^sesfor inspecting defects' on a wafers said:inspec- 
ttonawSarses iing connected through a communication rle^ 

Steined from said inspection apparatuses being collected' to construct a database^ an imagefile. wh.ch further 
cbmprSsln apparatSsfor displaying defects inspected in an apparatus for performing inspects by spec.fy.ng an 
arbitrary-defect among said insp^pn^apparatus^ ' 

20 A nrocess-rnanagement system comprising inspertion apparatuses for inspecting defects on a wafer, said-jnspec- 
tionSSaTsSg cc^nited.thmugh a communic^oh network, inspection irifomnatidn and ^9^*^ 
obteSl from said inspection apparatuses being collected to construct adata base andUn imagefle, which further 
WTOrSesTdisplay apparatus having a function for displaying information obtained by an apparatus for inspecting 

•^^^^^e^^i^on apparatuses together with an image obta.ned ^y an appa- 
Sus. capable of obtaining an. defect, image by scanning a chargecf particle bearrt^ among said inspection appara- 
''»us^when'the l in»ge'isidi8play!sel. e <£ > - ; - r , ; ,'/-.;, c " 

21 A orocess management system comprising inspection apparatuses for iru&^fa^in-*'**** said inspec- 
tor ^apraraTus^being connected through a communication h W 

SS *Tw 'said inspection apparatuses being collected to construct a data baso and Sn .magef.le.wh.ch further 
cbrrfcrises meansforspedtying a,cr^ depending on kinds of said inspection apparatuses. 

22:"^prbb*ss^haa^ ^^^S 0 '^^"^! 6 ^^^ i^e 

'^im^^-Siam^ibeioa eonnected through acdmrhuriicatito network. Inspection information and .mage 

which further comprises a function for downloading data registered in said data base find common to said plurality 
of inspection apparatuses though said communication network. . ' ' 

23 ' A orocess management system comprising ^ins^^n'apparatuses for inspecting; defects-'oh a wafer-said inspec : . , 
tonaT^^^^^ 

obtained from said inspection apparatuses being collected to construct a data base and an .m^efilepanda client 
for receiving supply of.data from the data base andthe image file, which further comprises a function for transmit. 
- - ting the data by enciphering the^data when the.cteta.is tfarism.Wed to^id client: - ■ ^ 5 • - • 

24 A process management system comprising inspection apparatuses for inspecting defects on a wafer, said inspec- 
••' tibn apparatuses being connected-through a ^communication network, inspection informaHon and image jr^maton 

■-■ obtaiSfrom said inspection apparatuses being collected to construct^ data^ase a^d an .magef.le. wh.ch further, 
comprises a function tot issuing a report in.an arbitrary format of specified infdrmat.on from any one qfsaiddata 

40 " blase and said image file.!;. c ;?■<,;;•.•; it :.. ><■ r.-.-'e^- -• »/,;•• -hc:.^ .-. . . ...... 

25 * pfocess management system^ri^ fer inspecthg defects on awafer. said: inspec- 
tion apparatuses being connected through a communication hetwprk. inspection i information and .mage information 
obtained from said inspection apparatuses being collected to construct a data base and an imagfefile. wh'chfurther 

<• -comprises ^ means *r predetermining an:a«waWe range^pf.inspection information obtained from sa.d .nspection 
apparatus- and means for generating an alarm when said inspection information- deviates^from sa.d allowable 
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FIG.1 
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FIG.3 



(a) TABLE OF MEMORY MAT POSITION COORDINATES AND DIRECTION 
INSIDE CHIP 



" PIN 
NUMBER 


PATH 
NUMBER 


MEMORY MAT 
NAME 




POSITION 
COORDINATES 


/direction 


1 


1 - 
100 


MM1 

f" 


Cxi. yi), : ' 


* <— 













TESTER 
(LOGICAL COORDINATE 
INFORMATION) 



LAYOUT DESIGN 
(PHYSICAL COORDINATE INFORMATION) 



(b) MEMORY CELL ARRAY POSITION COORDINATES AND DIRECTION ON 
MEMORY MAT ~ " 



PATH 
NUMBER 



MEMORY CELL ARRAY 
NAME 



•MAT- 



POSITION 
COORDINATES 



(X2 , y2 ) 



DIRECTION 



T ! 



LAYOUT DESIGN; , 
;Cc) MEMORY- CELL POSITION COORDINATES ON MEMORY CELL ARRAY 



Y-ADDRESS 


X-ADDRESS 


. , ;, v , .MEMORY CELL POSITION / : 


1 '~ fjB" 


0 ~ . 32 


(Cd+CxXY^ADDRESS, Co+CYXX-ADDRESS)' , 


32 — 63 


(Co+CxXY-ADDRESS, CchCYXX-ADDRESSt32) 









TESTER 
(LOGICAL COORDINATE 
INFORMATION) 



Cx : X-DIRECTION SIZE OF MEMORY CELL 
Cy : Y-DIRECTION SIZE OF MEMORY CELL 



29 



EP 0 910 123 A1 



FIG.4 
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FIG.5 
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FIG.6 
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FIG. 9 
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FIG. 1-2 
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FIG. 13 
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FIG. 14 
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FIG.15 
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FIG.16 
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